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CHAPTER I. INTRODUCTION AND LITERATURE REVIEW 
Weber (1968), referring to an earlier paper by Shlbles and Weber 
(1966a), stated that if it were possible to convert as little as an addi­
tional 8% of the top vegetative dry matter to seed, soybean [Glycine max 
L.(Merr.)] yields could be increased by 5 bu/acre (314 kg/ha), or ca. 15%. 
Similar proposals that excessive vegetative growth, after sufficient 
growth and leaf area development have occurred to allow formation of closed 
canopies, limits soybean yields have been made by several researchers 
' (Greer and Anderson, 1965; Shibles and Weber, 1966a, Hicks and Pendleton, 
1969; Hardman and Brun, 1971; Egli and Leggett, 1973; Shlbles et al., 1975; 
Tanner and Ahmed, 1974). With the varieties of indeterminate soybeans 
commonly grown in the Midwest, at the time of pod set, the vegetative apex 
is physiologically dominant over the developing pods. The plant continues 
to grow vegetatively resulting in inefficient utilization of carbohydrate, 
competition between vegetative and reproductive structures, and, conse­
quently, abortion of flowers and pods (Weber, 1968). 
Results of supplying additional CO^ to entire canopies of four soy­
bean plants at various stages of development (Hardman and Brun, 1971) and 
results of monitoring the fate of labelled COg fed to Individual plants 
at various stages of development (Hume and Criswell, 1973) indicate that 
excess carbohydrates available to the plant prior to pod-filling are uti­
lized mainly in additional leaf and stem growth. Little of this excess 
ultimately ends up as reproductive matter. Hume and Criswell (1973) ob­
served that when plants were fed ^^COg at beginning flowering, as much as 
60% of the total recovered ^"^C at maturity was still in the stem component. 
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Stems apparently accumulated a considerable fraction of the when they 
were growing, but retranslocated little during pod-fllllng. Perhaps, as 
Shlbles and Weber (1966b) have suggested, the distribution of available 
carbohydrate Is more Important than the total amount produced. 
Several researchers have reported that applying growth inhibitors 
which decrease apical growth, vegetative dominance, plant heights, and 
Internode lengths can simultaneously Increase seed yields (Clapp, 1973). 
Greer and Anderson (1965) reported that by applying TIBA (trliodobenzolc 
acid) they were able to hasten the transition from vegetative to reproduc­
tive growth (which normally requires ca. one month) and, thereby, increase 
seed numbers and seed yield. Although Tanner and Ahmed (1974) found no 
differences in crop growth rates or total dry matter production between 
TIBA-treated and control plants, they did observe differences in reproduc­
tive crop growth rates. They concluded that by suppressing excessive veg­
etative growth (production of more leaf area than required for maximum 
yield) it was possible to change the distribution of available carbohydrate 
from production of vegetative matter to production of reproductive matter. 
Tanner and Ahmed (1974) further concluded that "the results of this study 
illustrate convincingly that excess vegetative matter detracts from grain 
yield". They also suggested, however, that desirable results of suppress­
ing excessive vegetative growth would be realized only when environmental 
conditions were optimum for excessive vegetative growth to occur. Later 
maturing varieties, which continued vegetative growth longer after begin­
ning flowering, benefited more from suppression of excessive vegetative 
growth than did earlier maturing varieties (Tanner and Ahmed, 1974). If 
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the time period prior to pod-fllllng (the transition from vegetative to 
reproductive growth) was Increased, then the duration of the grain filling 
period would likely be shortened. According to Egll (1975) such a de­
crease in the duration of the grain filling period would probably also de­
crease yields. 
From the foregoing information, it Is obvious that excessive vegeta­
tive growth can be detrimental to final yields in soybeans. Perhaps not 
so obvious is the physiological reason(s) Involved. McComb (1965) sug­
gested that certain changes In normal morphology could be accounted for by 
the hypothesis that altered environmental conditions result in an altered 
rate of synthesis of, or an altered sensitivity to, endogenous glbberelllc 
acid (GA). In a subsequent paper, McComb (1966) proposed that GA creates 
a "sink" for dry weight In expanding Internodes and that this is filled at 
the expense of other plant organs. With soybeans, exogenous applications 
of GA delayed the transition from vegetative to reproductive growth and 
Increased the numbers of nodes per plant even under photolnductlve short 
days (Bostrack and Struckmeyer, 1964). 
Exogenous applications of GA to soybeans have also been shown to in­
crease apical dominance (All and Fletcher, 1970; Ruddat and Pharls, 1966), 
decrease stem diameter. Increase starch hydrolyzlng activity, and Increase 
Internode elongation (Marth et al., 1956; Bostrack and Struckmeyer, 1964; 
Nanda and Dhlndsa, 1968). Exogenous applications of inhibitors of GA bio­
synthesis (e.g. AMO-1618) to soybeans have been shown to decrease apical 
dominance and internode elongation (Ruddat and Pharls, 1966; Wilcox, 1974). 
It would seem that there is at least circumstantial evidence to suggest 
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that GA may be involved in excessive vegetative growth in soybeans. 
The role of GA in increasing cell division, cell elongation, or both 
in subapical, meristematic regions has been documented extensively (Morgan, 
1968; Paleg, 1965; Lang, 1970; Jones, 1973). And, according to Sachs 
(1965), the idea that factors in the environment can modify stem length 
through their effects on cell multiplication in subapical regions has been 
known for more than 125 years. Paleg (1965) suggested that GA-mediated 
hydrolysis of stored substrates within plant cells could play a signifi­
cant role in the control of elongation growth. According to Railton and 
Wareing (1973), several workers, whose investigations have been primarily 
concerned with the change from vegetative growth to reproductive growth, 
have shown variations in levels of free, acidic GA-like substances in 
leaves of many plants during the transition. An increased turnover of GAs, 
or sensitivity to GA, apparently occurs simultaneously with the transition 
from vegetative to reproductive growth in some plants (van den Ende and 
Zeevaart, 1971; Zeevaart, 1971). It seems reasonable to suspect that simi­
lar trends may occur in soybeans and that these changes in endogenous 
levels of GA might also be responsible for the increased vegetative growth, 
intemode elongation and resulting competition with reproductive struc­
tures . 
There have been several recent reviews on GA (Paleg, 1965; Morgan, 
1968; Lang, 1970; Jones, 1973). I have included, however, only informa­
tion that I think is pertinent to this review. The important facts are: 
(1) that changes in levels of GA in response to changes in environmental 
conditions are well documented; (2) that all morphological responses to GA 
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must be preceeded by biochemical events at the subcellular level which in­
volve the effects of GA on cell elongation, cell division, or both; (3) 
that since both cell division and cell elongation occur in rapidly elon­
gating tissues, it is probable that GA functions to regulate both proc­
esses; and (4) that there have been reports of significant correlations 
between endogenous levels of GA and stem and petiole growth. 
An attempt to measure quantitative and qualitative changes in levels 
of free and bound GA among genotypes throughout their life cycles, although 
it would add very Important «nd needed information, it would also require 
a tremendous amount of time, labor, and expensive equipment, and probably 
would Involve considerable speculative evaluation of the data. The perti­
nent information concerning GA suggests that a meaningful understanding of 
the relationship between excessive vegetative growth and turnover of or 
sensitivity to GAs in soybeans may be possible by studying the effects of 
certain environmental factors on intemode and stem elongation. 
Glbberelllns are known to simulate effects of high temperature treat­
ment in several plants (Brulnsma, 1962; Carter et al., 1973; Aung et al., 
1969). It has also been shown that several plant species respond less to 
applications of exogenous GA with increasing temperatures and that in­
creasing temperatures alone often simulate the effect of GA on Internode 
elongation (Lester and Carter, 1970; Juntllla, 1970; Karbassi, 1971; 
Mongelard and Mimura, 1972; Yates, 1972; Whitney et al., 1973 and refer­
ences therein). Applications of growth inhibitors to tomatoes (Abdalla 
and Verkerk, 1970), which are known to respond to high night temperatures 
by rapid stem elongation (Went, 1941), were less effective In inhibiting 
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stem growth at higher temperatures than at lower temperatures. A similar 
response was noted with wheat (Lowe and Carter, 1972). These results sug­
gest that at higher temperatures GA production or turnover, or the sensi­
tivity of the plant to GA, was greater than at lower temperatures. Higher 
temperatures alone resulted in increased vegetative dominance over re­
productive growth with tomatoes, which led Went (1941) to conclude that 
temperature was by far the most Important single factor controlling stem 
elongation in tomatoes. 
McLean (1917) was probably one of the first researchers to note that 
Increases in stem height of soybeans were highly, positively correlated 
with increasing temperature. Hofstra (1972) reported that the greatest 
Increases in Internode length of soybeans occurred at 36 C day/31 C night 
temperatures, and Hesketh et al. (1973) found that the number of days be­
tween the appearance of trlfollolates decreased dramatically with increas­
ing temperature. Hofstra (1972) also noted, as did Ueki and Igawa (1958), 
that increasing temperatures usually caused a lanky stem; van Schalk and 
Probst (1958) observed that Increasing temperatures increased final plant 
height. 
Parker and Borthwlck (1939) reported that during the time of flower­
ing, increasing night temperatures increased the number of nodes, inter­
node lengths, and decreased carbohydrate levels, whereas decreasing night 
temperatures caused the concentrations of reducing sugars and starch to 
Increase. Weber (1968) also suggested that with increasing temperatures 
above 90 F (32.2 C) respiratory losses of sugars probably would be quite 
large and yield potentials would be decreased. Brown (1960) and Brown and 
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Chapman (1960) reported that soybean development was a curvilinear function 
of temperature and that rates of development during the period of pod-
filling to maturity were decreased by mean temperatures greater than 80 F 
(26.7 C). Perhaps this decreased rate of phenological development was due 
to increased vegetative competition with developing reproductive struc­
tures. Ueki and Igawa (1958) noted that high night temperatures tended to 
delay maturity of soybeans. With respect to the transition from vegetative 
to reproductive growth and the resulting competition, it is evident that 
structural growth involved in intemode elongation and continued vegetative 
growth would be inversely related to storage of reserve carbohydrates in 
reproductive structures, since both processes draw upon the sugars produced 
during photosynthesis. 
In general Increasing night temperatures leads to a faster rate of 
hydrolysis of carbohydrate stored during the day, increased rates of meta­
bolic processes, and increased respiration (Went, 1953; Wilson and Bailey, 
1971; Karbassi et al., 1972; Knapp et al., 1973; Knievel and Smith, 1973; 
White, 1973; Fisher and Weaver, 1974). Eaton (1924) reported that in­
creasing night temperatures from 55 F (12.8 C) to 90 F (32.2 C) almost 
doubled respiration rates in Beloxi soybeans; Peters et al. (1971) reported 
that soybean yields were decreased ca. 10% by an increased night tempera­
ture of ca. 10 C above ambient. Respiration has a of ca. 2-3, and 
with an increase in temperature respiration rates usually increase more 
than photosynthetic rates, hence the net daily gain of photosynthate is 
decreased (Went, 1953). As I stated above, GAs are known to simulate the 
effects of high temperature treatment in many plants. Apparently the 
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effects of GA and high temperature are very similar with regard to hydrol­
ysis of stored carbohydrate and the activation of enzymes Involved In 
starch hydrolysis. In general, starch Is degraded faster when the need 
for soluble sugars Is greatest (Haapala, 1969a). Cell elongation has a 
very high (Went, 1953), and since cell elongation (and hence stem 
elongation) would require considerable amounts of metabolic and structural 
carbohydrate, it seems reasonable to suspect that increasing temperatures 
would significantly affect stem elongation and starch hydrolyzlng enzymes, 
much the same as does GA. 
Glaszlou (1969) has reviewed the GA-medlated induction of starch and 
sucrose hydrolyzlng enzymes found in several tissues of various plant 
species. The role of GA in controlling the level of enzymes associated 
with carbohydrate metabolism in germinating seed also has been documented 
for several plant species (Clegg and Rappaport, 1970). Similar descrip­
tions of the Interrelationships of GA and starch and sucrose hydrolyzlng 
enzymes can be found in the reviews by Jones (1973), Lang (1970), and 
Paleg (1965). 
Nanda and Dhlndsa (1968) observed that with GA^-treated-soybean 
plants, Intemodes which showed the maximum elongation also contained the 
least amount of starch and the maximum starch hydrolyzlng activity. Starch 
content also decreased with position of the Internode (from the base up­
wards) on the Intact plant. In a previous paper (Nanda and Dhlndsa, 1967), 
the authors stated that there was an Increased amount of soluble carbohy­
drates due to the Increased activity of starch hydrolyzlng enzymes in 
internodes treated with GA^. 
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The relative Importance and mode of action of the known starch hydro-
lyzlng enzymes and factors which Influence their activities have been de­
scribed In several recent reviews (Glbbs, 1966; Greenwood and Milne, 1968; 
Marshall, 1974). Apparently, alpha-amylase (a-l,4-glucan 4-glucanohydro-
lase, E.G.3.2.1.1) Is the primary enzyme Involved In the initial degrada­
tion of starch to more soluble forms, whereas phosphorylase, beta-amylase 
(a-l,4-glucan maltohydrolase, E.C.3.2.1.2), limit dextrlnase, alpha-gluco-
sldase, and debranchlng or R enzyme are reported to be responsible for 
degradation of products of the action of alpha-amylase on granular starch 
(Dunn, 1974; Perez et al., 1971). 
There can be little doubt that amylases (alpha and beta) are found in 
almost all plants (Haapala, 1969a; Gates and Simpson, 1968), and, perhaps. 
In all plant cells (Karbassl, 1971). Their exact locations and functions 
within the cell are still relatively unknown for many plants. It would 
be expected, however, that amylases are probably located within or near 
chloroplasts (Haapala, 1969b; Alexander and Kumar, 1974; Glbbs, 1966). 
van Fleet (1952) stated that the function of "amylase" at any given moment 
appears to be the result of obscure conditions and equilibria within and 
around chloroplasts. Perhaps, as Gates and Simpson (1968) have suggested, 
amylases function either to prevent accumulation of starch, to provide 
primers for starch synthesis, or to increase the rate of starch hydrolysis 
and mobilization. Several isoenzymes of amylases have been found in vari­
ous plant tissues (Bilderback, 1971; Carter et al., 1974), and it may be 
that the diversity of functions ascribed to amylases can be accounted for 
by the multitude of isoenzymes. 
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Beta-amylase has been reported to be the primary enzyme involved in 
hydrolysis of carbohydrate stored in soybean seeds (Gertler and Birk, 
1965; Gertler and Birk, 1966; Greenwood and Milne, 1968; Birk and Waldman, 
1965). Birk and Waldman (1965) also assayed amylolytic activity in tis­
sues other than seeds (i.e., leaves, stems, pods) in 'Harosoy' soybeans. 
Changes in the environment of enzymes would be expected to alter 
their behavior and functions. According to Hsiao (1973), several research­
ers have reported that alpha-amylase activities in leaves increase during 
periods of moderate to severe moisture stress, despite simultaneously de­
creasing protein synthesis. The concurrent Increase in reducing sugars 
could possibly aid in maintaining osmotic pressure within the cell and, 
therefore, turgor pressure. Santarius (1973) also noted that there was a 
protective effective of short chained oligosaccharides (especially, tri-
saccharldes) toward the membranes of chloroplasts during temperature and 
moisture stress. 
Several researchers have commented on the difficulty of separating 
the effects of moisture stress and increased temperatures on the metabo­
lism of plants (Brown and Blaser, 1970; Hsiao, 1973; .Chu et al., 1974; 
McCree and Davis, 1974). It may be that the effects are interrelated. It 
has also been suggested that amylases may be controlled by light and dark­
ness (van Fleet, 1952; Haapala, 1969a). Whereas during the light period 
there Is a general Increase In the activity of synthetic enzymes in plants, 
during the dark period, the activities of hydrolytic enzymes usually in­
crease (Haapala, 1969a). Starch normally accumulates during light periods 
and Is hydrolyzed to various end products during dark periods to supply 
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substrate for respiration and numerous metabolic pathways. 
The Influence of temperature on carbohydrate utilization referred to 
previously Is at least circumstantial evidence that increasing temperatures 
can cause ii^preased amylolytic activities. Although the stability of an 
enzyme decreases with increases in temperature, the rate of the catalyzed 
reaction generally increases (Greenwood and Milne, 1968). This could sug­
gest that there is a higher turnover rate of amylases or an Increase in 
amylolytic activity under high temperatures to sustain Increased starch 
hydrolysis. Decreases in amylolytic activity as a result of decreasing 
temperatures have been reported for Pangola grass (Karbassl et al., 1972) 
and for rice seedlings (Williams and Peterson, 1973). 
If variability exists among soybean genotypes in their response to 
Increased temperatures, it might be possible to select a genotype with de­
creased starch hydrolyzlng activity, decreased Intemode lengthening, or a 
shorter transition period between vegetative and reproductive growth, and, 
therefore, more efficient utilization of carbohydrate. The purposes of 
this research were to determine the optimum methods for extraction and in­
cubation of starch hydrolyzing enzymes of soybeans, to characterize the 
primary starch hydrolyzing enzyme(s) more completely, to determine the 
effects of temperature and moisture stress on the activity of these enzymes 
and to screen several genotypes for relative amounts of starch hydrolyzing 
capacity In relation to internode elongation. 
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CHAPTER II. STANDARD TECHNIQUES OF LEAFLET PREPARATION, AND 
ENZYME EXTRACTION, PREPARATION, AND INCUBATION 
The Initial objective of this research was to determine the optimum 
methods of extraction, preparation, and incubation of starch hydrolyzing 
enzymes from soybean leaf tissue. A series of experiments were conducted 
to achieve this goal. The results of these experiments eventually led to 
the standard techniques (procedures) of leaflet preparation and enzyme 
extraction, preparation, and incubation which I used throughout most of 
my other experiments. For the sake of clarity and brevity, I will present 
these standard techniques first and then describe the individual experi­
ments which led to their formulation. 
Immediately after cutting trifoliolates from either greenhouse- or 
field-grown plants, the trifoliolates were wrapped in aluminum foil, 
placed into a cold ice chest, and then transferred to the laboratory as 
soon as possible. At the laboratory, freshly harvested leaflets from one 
or more trifoliolates were first surface-rinsed with distilled water and 
then blotted dry. The midrib was removed, and the remaining tissue was 
cut into small pieces (ca. 1 cm*) with a pair of scissors and mixed. Next, 
leaf samples (usually 250 mg) were weighed on a Mettler balance, wrapped 
in aluminum foil, and placed either in a refrigerator (ca. 4 C) or in a 
freezer (ca. -35 C) until subsequent extraction. An attempt was made to 
maintain the samples at cool temperatures whenever possible. 
Except for some of the earlier, preliminary experiments, leaf samples 
were ground with a motorized Ten Broeck Homogenizer. Glass pestles and 
precooled grinding tubes were used to provide maximum rupture of leaf 
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tissue and to prevent enzyme denaturatlon due to heating. A given leaf 
sample vas placed Into a precooled tube; 125 mg of acid-washed PVP (insolu­
ble polyvinylpyrrolidone, Polyclar AT) and 5 ml of the basal grinding 
medium (25 mM potassium-phosphate buffer, pH 6.0) were added to the sample. 
The sample was then homogenized for 30 to 60 seconds. The crude homogenate 
was strained through four layers of cheesecloth and then centrlfuged at 
1500 g for 10 minutes In a refrigerated centrifuge held at ca. 4 C. The 
resulting supernatant was diluted, usually five or ten-fold (generally 
with water, but with extraction buffer for a few specific experiments), 
placed into a small bottle, and stored in a refrigerator until the sample 
could be assayed. At no time were the crude extracts subjected to frac­
tionation, e.g. ammonium sulphate treatment, or chromatographic, electro-
phoretlc or ultracentrifugatlon techniques. 
The literature is replete with descriptions of methods of extracting 
enzymes in general and amylases in particular. Citation of even a portion 
of those references would serve little purpose here. Extraction and prep­
aration techniques very similar to those I have described, however, were 
used by Peterson et al. (1973) in assaying beta-amylase activities of com 
leaf tissue. Since the standard techniques I have just described were 
modified for various experiments, I will mention those changes as the need 
arises. Where no changes were made, however, I will refer to the above as 
the standard techniques of leaflet preparation and enzyme extraction and 
preparation. 
Amylolytlc activity was determined by measuring the increase in re­
ducing groups using the Nelson-Somogyl procedure (Nelson, 1944; Somogyl, 
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1945). The general procedure followed in incubating the crude enzyme 
preparation was as follows: 0.5 ml of appropriately diluted enzyme prep­
aration was added to a test tube containing 1.0 ml 1% Lintner's soluble 
starch and 1.5 ml incubation buffer (50 mM potassium-phosphate buffer, pH 
6.0, 10 mM in CaClg). Samples were incubated for 20 minutes in a water 
bath held at 35 G, and enzymatic hydrolysis of starch was terminated by 
the addition of 1 ml Somogyi's reagent. The tubes were then thoroughly 
mixed and placed in a boiling water bath for 20 minutes. After boiling, 
the samples were cooled in an ice water bath. After cooling, 1 ml Nelson's 
reagent was added to each tube and the tubes were again mixed. Next 15 ml 
water was added to each tube, followed by another period of mixing. Ab-
sorbence values were read in a Bausch and Lomb Spectronic 20 at 540 nm. 
In general, three subsamples of each enzyme preparation were assayed, with 
one subsample seirving as a zero time control mixture. 
Maltose was used as the standard, and total amylase activities are 
expressed as mg maltose/g leaf * hr. Protein determinations were made 
following the procedure described by Potty (1969) which accounts for the 
interference of phenolic and pectic compounds present in leaf extracts. 
Fraction IV bovine serum albumin was used as the standard, and specific 
amylase activities are expressed as mg maltose/mg protein * hr. 
Estimates of endogenous reducing sugars present in leaf extracts were 
made by measuring reducing groups using the same Nelson-Somogyi procedure 
described above. Glucose was used as the standard, and results are ex­
pressed as mg glucose/g leaf. 
In several experiments, sucrose hydrolyzing activity (assumed to be 
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Invertase activity) was also determined by measuring the increase in re­
ducing groups. The standard procedure involved in measuring Invertase 
activity was similar to that used for assaying amylolytic activity. 0.5 
ml of appropriately diluted enzyme preparation was added to a test tube 
containing 1.0 ml of 0.18 M sucrose and 1.5 ml incubation buffer (50 mM 
sodium-acetate, pE 5.0). Samples were incubated for 20 minutes in a water 
bath held at 30 C. The rest of the procedure was identical to that de­
scribed for assaying amylase activities, whereas the entire procedure is 
similar to that used by Kaufman et al. (1973) for estimating invertase 
activities in Avena stem segments. Glucose was used as the standard. 
Total invertase activities are expressed as mg glucose/g leaf * hr and 
specific activities are expressed as mg glucose/mg protein * hr. 
Since the standard techniques I have just described were modified for 
various experiments, I will mention those changes as the need arises. 
Where no changes were made, however, I will refer to the above as the stan­
dard techniques of enzyme incubation. 
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CHAPTER 111. PRELIMINARY EXPERIMENTS 
Extraction and Incubation Buffer pH Profiles 
Enzymes are affected by changes in pH, and with aqueous extraction 
techniques, formulation of the medium used in grinding is very important. 
With grinding, as with the other basic steps in extraction, it is desirable 
to cause as little chemical and physical-chemical change, from the normal 
situation in the cell, as possible. This implies that the extraction 
medium has some buffering capacity, since during grinding, acids will be 
released from the vacuole. Unless the medium prevents sharp pH changes, 
many enzymes can be denatured, insolubilized and, therefore, precipitated 
and discarded either with filtration or with centrlfugatlon (Baljal et al., 
1972; Bonner, 1965). Since che isoelectric point of most proteins is near 
pH 5 (Crook, 1946), Increasing the pH, generally, will increase the polar­
ity of the enzyme and, therefore, its solubility in buffer solutions. 
Betschart and Kinsella (1973), working with 'Hark' soybeans, reported 
that both the total and protein nitrogen of leaves were more soluble at 
pH 2.0 and pH 6.0 and above. They also noted, as have several other re­
searchers, that leaf protein is more soluble and chloroplasts are disrupted 
more effectively at higher pH values. 
The effects of incubation pHs on enzyme activity can be found in the 
review article by Greenwood and Milne (1968) and in almost any biochemistry 
or physical chemistry textbook. 
Birk and Waldman (1965) reported that amylolytic activities in leaves 
of 'Harosoy' soybeans had two optimum incubation pHs, one at pH 5.5 and 
one at pH 7.0. The optimum incubation pH for beta-amylase from soybean 
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flour was found to be In the range of pH 5 to pH 6 (Gertler and Blrk, 
1965). Similarly, Greenwood and Milne (1968), from their review of the 
literature, concluded that both alpha- and beta-amylases generally have 
incubation pH optima in the range of pH 5 to pH 6. 
The effects of pH on the extractability of amylolytic enzymes from 
soybean leaves, and the effects of pH on amylolytic activity during incu­
bation were investigated to determine optimum pHs for use in later experi­
ments . 
One unreplicated experiment involving ten extraction buffers, with a 
range in pH of 4.5 to 9.0 (at 0.5 pH unit intervals), was conducted during 
1972. Leaves from greenhouse-grown 'Amsoy' soybeans and the standard tech­
niques of leaflet preparation and enzyme extraction and preparation were 
used. During 1973, two separate, unreplicated experiments involving 13 
extraction buffers with a range in pH of 4.0 to 9.0 (at 0.5 pH unit inter­
vals) were conducted, again using leaves from greenhouse-grown 'Amsoy' soy­
beans and standard techniques. Because of the large amount of variability 
encountered between these separate experiments, it was not possible to 
clearly define an "optimum" pH for extraction of amylolytic activity, and 
an additional experiment was deemed necessary. 
Several trifoliolates were harvested at random from the upper nodes 
of field-grown 'Corsoy' soybeans, placed into a cold ice chest, and trans­
ferred to the lab. Three replications, each consisting of 13 (250 mg) 
leaf samples, were obtained from these trifoliolates, according to the 
standard techniques described earlier, wrapped in aluminum foil and placed 
into a freezer. Samples within replications 1, 2, and 3 were assigned ex­
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traction buffers at random at the time of extraction and were assayed 
using standard techniques. A completely randomized design was used to 
analyze the data, and only the results of this replicated experiment are 
presented, although they are fairly representative of the three previous 
experiments. 
Means, analyses of variance, and related statistics for total and 
specific amylolytic activities and protein concentrations are given in 
Tables 1, 2, and 3 of the Appendix, respectively. Although there were 
some significant differences among treatments, I will be presenting the re­
sults here as graphs. 
Total amylolytic activity (Figure 1) paralleled protein concentra­
tions (Figure 2) very well in the range of pH 4.0 to pH 6.0. At pH 6.0, 
the differences in total amylolytic activity due to the use of different 
buffers can probably be ascribed to differences in amounts of protein ex­
tracted. Extraction with potassium-phosphate buffer yielded slightly, but 
not significantly, more protein (2.0 mg/g leaf) than did extraction with 
sodium-acetate buffer. Because of the differences in pKs, phosphate 
buffer would be expected to have more buffering capacity at pH 6.0 (and, 
therefore, solubllize more protein) than acetate buffer. 
In the range of pH 6.0 to pH 7.5, Increasing the pH of the extraction 
buffer generally resulted in lower protein yields and lower total amylo­
lytic activities compared to extraction at pH 6.0. In the range from pH 
8.0 to pE 9.0, Increasing the pH of the extraction buffer generally yielded 
more protein and more total amylolytic activity than less alkaline pHs, 
but the results were somewhat variable. No good correlation between pro-
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Figure 1. Total amylolytic activity as a function of extraction buffer pH 
[the following buffers were used for pHs 4.0-6.0, 6.0-8.0, and 
8.0-9.0, respectively: sodium-acetate (A), potassium-phosphate 
(©), and Trls-HCl (•)] 
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Figure 2. Protein concentrations as a function of extraction buffer pH 
[the following buffers were used for pHs 4.0-6.0, 6.0-8.0, and 
8.0-9.0, respectively: sodium-acetate (A), potassium-phosphate 
(0), and Trls-HCl (•)] 
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tein yields and total amylolytic activities was apparent. At pH 8.0, 
although there was a relatively large difference in total amylolytlc ac­
tivity (apparently due to differences in buffers), these differences were 
not statistically significant, nor was there a significant difference in 
protein concentration. 
Values of protein concentrations reported here agree fairly well with 
values of total nitrogen (over the range of pH 4.0 to pH 8.0) Betschart and 
Klnsella (1973) reported for leaves of 'Hark' soybeans. 
Specific amylolytlc activities (Figure 3) decreased dramatically in 
the range of pH 4.0 to pH 5.0. Although the amount of protein extracted 
at pH 4.0 was very low (3.2 mg/g leaf), the total amylolytlc activity was 
still as high as 53% of the highest mean value obtained. These results 
may be indicative of selective extraction of beta-amylase at low pH, since 
alpha-amylase would be expected to be more sensitive to lower pHs 
(Greenwood and Milne, 1968). 
In the range of pH 5.0 to pH 6.0, specific activities decreased some­
what, whereas above pH 6.0, there was little difference in specific amylo­
lytlc activity as a function of extraction buffer pH. 
In general, protein concentrations and total amylolytlc activities 
increased with increasing extraction buffer pH up to pH 6.0. Further in­
creases in pH gave more variable results. Specific amylolytlc activities 
decreased in the range of pH 4.0 to pH 6.0, but were little affected by 
further increases in pH. From these results, I decided to use potassium-
phosphate buffer (pH 6.0) for all future experiments. 
One experiment involving eleven incubation buffers with a range in pH 
of 4.0 to 9.0 (at 0.5 pH unit Intervals) was conducted during 1972. Leaves 
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Figure 3. Specific amylolytlc activity as a function of extraction buffer 
pH [the following buffers were used for pHs 4.0-6.0, 6.0-8.0, 
and 8.0-9.0, respectively: sodium-acetate (A), potassium-
phosphate (0), and Trls-HCl (#}] 
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from greenhouse-grown 'Amsoy' soybeans and the standard techniques of leaf­
let preparation and enzyme extraction and preparation were used. Tripli­
cate assays were run for each incubation pH. During 1973, a similar exper­
iment involving thirteen incubation buffers having the same pH range was 
conducted, again using leaves from greenhouse-grown 'Amsoy' soybeans and 
standard techniques. Duplicate assays were run for each incubation pH, and 
a completely randomized design was used to analyze the data. Since the two 
experiments gave similar results, only the data collected in 1973 will be 
presented. 
Means, the analysis of variance table, and related statistics for to­
tal amylolytic activity are given in Table 4 • of the Appendix. Although 
there were some significant differences among treatments, I will again be 
presenting the results graphically. 
In general, total amylolytic activities (Figure 4) increased with in­
creasing incubation pH up to pH 6.0 and decreased thereafter. Although 
there were some differences due to the use of different buffers at pH's 6.0 
and 8.0, I decided from these results to use potassium-phosphate buffer (pH 
6.0) for all future experiments. These results agree fairly well with 
those reported for purified beta-amylase extracted from soybean flour, 
which had a pH optimum in the range of 5-6 (Gertler and Birk, 1965). Birk 
and Waldman (1965) reported that leaf amylase from 'Harosoy' soybeans had 
two pH optima, one at pH 5.5 and one at pH 7.0. Their results are somewhat 
different than what I have observed, perhaps, because they used aqueous ex­
tracts rather than buffers to obtain their crude preparations. They also 
did not include CaClg in their incubation reaction mixture, which may have 
limited the activity of any alpha-amylases which were present. 
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Storage of Leaflet Samples and Enzyme Solutions 
Many examples can be found in the literature which involve extracting 
enzymes under cool or cold conditions and assaying samples as soon as pos­
sible after harvesting a particular tissue and extracting the particular 
enzyme. Storage of fresh tissue samples prior to extraction, even at low 
temperatures, might be expected to cause desiccation, respiratory losses, 
and, or senescence of the tissue. Storage of diluted enzyme extracts 
could possibly result in inactivation of several enzymes. Freezing and 
thawing, which would occur when samples are stored in a freezer prior to 
extraction, could be expected to cause rupturing of cells, leakage of 
cellular components, and, consequently, decompartmentalization. Such 
phenomena might lead to inhibition of enzymes by compounds which they are 
not usually associated with in intact cells, or to inhibition by loss of 
loosely-held cofactors. 
Several experiments had been planned in which storage of samples in 
one form or another would be helpful, if not necessary. I thought that it 
was first necessary, however, to determine whether unreasonably large 
losses of amylolytic activity would occur during storage. Therefore, dur­
ing 1972 and 1973, several experiments were performed to study the effects 
of storing fresh leaf samples, 5 and 10-fold dilutions of enzyme extracts, 
and frozen leaf samples upon subsequent amylolytic activity. For each 
storage condition, experiments were conducted at least twice, but, since 
the results were similar, I will be presenting only the results of one 
experiment for each of the storage conditions. 
To determine the effect of storing fresh leaf samples upon subsequent 
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amylolytlc activity, several trlfollolates of greenhouse-grown 'Amsoy' 
soybeans were harvested and cut into their individual leaflets. The leaf­
lets were surface-rinsed with distilled water, blotted dry, and the midrib 
was removed. The remaining leaflet tissue was cut into small pieces and 
mixed. From this mixture, six (250 mg) samples were weighed, placed into 
beakers, covered with parafilm, and stored in a refrigerator (ca. 4  C ) .  
Using standard techniques for all samples, one sample was homogenized and 
assayed immediately (time zero), while the remaining samples were extracted 
and assayed at two hour Intervals from time zero. 
The results of this experiment, which are shown In Figure 5, suggested 
that there was little loss of total amylolytlc activity, even up to ten 
hours after harvest. Despite the apparent variability encountered with 
different leaf samples, or, perhaps, because of this variability, regres­
sion analysis of the data substantiated that, statistically, there were no 
differences In total amylolytlc activity as a function of time under these 
storage conditions. The slope of the regression line derived from the 
data was not significantly different from zero. Means and the results of 
the regression analysis are given In Table 5 of the Appendix. 
The sample extracted and assayed at time zero In the experiment just 
described was diluted tenfold prior to Incubation. This diluted sample 
was assayed at two hour intervals from time zero another five times. The 
sample was kept In a refrigerator (ca. 4 C), except when It was necessary 
to rmove allquots for assays. 
The results of this experiment, which are presented In Figure 6, sug­
gest that there Is little loss of total amylolytlc activity, at least up 
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to ten hours after extraction, when enzyme extracts are stored as tenfold 
dilutions. These data were also subjected to regression analysis, and the 
results (Appendix, Table 6) substantiated that, statistically, there were 
no differences in total amylolytic activity as a function of time after 
extraction under these storage conditions. The slope of the regression 
line was not significantly different from zero. 
Fivefold dilutions of the enzyme extracts were often more appropriate 
than tenfold dilutions for subsequent assays. Since the studies of the 
effects of storing tenfold dilutions of enzyme extracts involved relatively 
short periods of time, I decided to test the effect of storing fivefold 
dilutions over longer periods of time. 
Several trifoliolates of field-grown 'Corsoy' soybeans were prepared 
for weighing in the same manner as that described for samples used in the 
study of the storage of fresh leaf samples. Three (250 mg) samples (re­
plications) were weighed and then extracted using standard techniques. 
After centrifugation each replicate was diluted fivefold with water, as­
sayed Immediately (using standard techniques), and then stored in capped 
vials In a refrigerator (ca. 4 C). Each replicate was assayed simulta­
neously at one week intervals for the following four weeks, resulting in 
a total of five incubation dates covering a period of 28 days. 
A completely randomized design was used to analyze the data; however, 
since one of the replications of date five was missing, an analysis in­
volving unequal replication was necessary (Steele and Torrle, 1960, p.112). 
Means and the analysis of variance are given in Table 1 of the Appendix. 
Results of the analysis showed that there was no significant effect on 
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total amylolytlc activity due to storage of fivefold dilutions of enzyme 
extracts at ca. 4 C for up to 28 days. The results, as shown In Figure 7, 
suggested that the slope of a regression line fitted to the data might be 
different from zero. The slope of the regression line, however, was not 
found to be different from zero when the data were subjected to regression 
analysis. The results of the regression analysis are presented In Table 
8 of the Appendix. 
À similar experiment was designed to investigate the effects of 
storing frozen leaf 8anq)les on subsequent amylolytlc activity. Methods of 
collection and preparation of leaf samples for this experiment were the 
same as those described above for storage of fivefold dilutions. Twenty-
four (250 mg) samples, which constituted three replications for each of 
eight dates, were weighed, wrapped in aluminum foil, and all but three 
randomly chosen samples were placed into a freezer (ca. -35 C). These 
three samples (replications of date zero) were extracted and assayed 
immediately, using standard techniques, to provide a "no freezing" level 
of total amylolytlc activity. In a similar manner, three replicates were 
extracted and assayed 1, 6, 9, 13, 19, 26, and 33 days after being frozen. 
A completely randomized design was used to analyze the data. Means, 
the analysis of variance, and related statistics are given In Table 9 of 
the Appendix. Results of the analysis of variance showed that there was 
no significant effect of storing leaf samples as frozen material on sub­
sequent amylolytlc activity for over a month. The results of this experi­
ment are also graphed in Figure 8. 
Although I know of no similar work with amylolytlc enzymes in other 
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plants. It would appear that the enzymes Involved In hydrolyzlng starch In 
soybean leaf tissue are fairly stable enzymes. This conclusion may be 
somewhat premature, however, since considerable variability was encountered 
In each experiment. This lack of precision could have led to a lack of 
significant differences due to storage conditions. Similarly, although 
the experiments Involving storage of fresh leaf samples and tenfold dilu­
tions were repeated, they were never replicated within a given experiment. 
This may detract from their credibility, although similar results were ob­
served from the separate experiments. 
Effects of Soluble and Insoluble Polyvinylpyrrolidone 
The Inhibitory effects of tannins, phenolic compounds, and the oxida­
tion products of phenols (qulnones) on the efficiency of extracting pro­
teins and enzymes from plant tissues have been reviewed by Loomls and 
Battalle (1966) and Anderson (1968). Apparently these Inhibitory compounds 
are widespread in plants and frequently occur In high concentrations. 
Amylases are known to be Inhibited by these compounds In some plant tissues 
(van Fleet, 1952; Baljal et al., 1972). 
Two approaches are generally used to prevent or decrease the Inhibi­
tory effects of these compounds : (1) removal of tannins and larger phenols 
by Including high molecular weight polyethylene glycols, or polyvinyl­
pyrrolidone (soluble or Insoluble) In the extraction medium; (2) removal 
of qulnones, prevention of oxidation of o-dlphenols to qulnones, and, or 
prevention of oxidation of essential groups of proteins by qulnones by 
including reducing agents, e.g. ascorbic acid, dlthlothreltol, metablsul-
fite, or glutathione, in the extraction medium (Loomls and Battalle, 1966; 
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Anderson, 1968; Betschart and Klnsella, 1973; King, 1971). As Anderson 
(1968) suggested, and as several researchers (Betschart and Klnsella, 
1973; King, 1971; Baljal et al., 1972; Halsslg and Schlpper, 1972) have 
more recently shown, the particular approach used In extracting proteins 
and enzymes from tissues rich In phenolic compounds varies with plant 
species, plant tissue, tissue age, concentration of Inhibitory compounds, 
and the particular enzyme under Investigation. 
Reducing agents, however, have the potential of becoming oxidizing 
agents. They could also possibly interfere with the Nelson-Somogyl method 
of determination of reducing values. For these two reasons and because 
polyvinylpyrrolidone (PVF) is generally accepted as a good adsorbant of 
tannins and higher molecular weight phenollcs (Loomls and Battaile, 1966), 
a study to determine the influence of including PVF in the extraction 
process was undertaken. Both soluble and insoluble FVF were studied. 
Three separate experiments involving six concentrations (0, 0.5, 1, 
2, 3, and 4% w/v) of soluble PVF (soluble polyvinylpyrrolidone K-30, 
Scientific Products, Minneapolis) dissolved in the standard extraction 
buffer were conducted during 1972. Each experiment contained two repli­
cate leaf samples for each level of soluble PVF. Leaf samples were har­
vested from greenhouse-grown 'Harosoy' (FVF Experiment 1) and 'Bombay' 
(FVF Experiments 2 and 3) soybeans. Leaf samples were prepared, extracted, 
and assayed using standard techniques, with the exception that at the time 
of extraction, buffers containing the stated concentration of FVF were 
assigned at random to leaf samples. 
A completely randomized design was used to analyze the data from each 
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experiment. The results of PVP Experiment 2 are presented in Figure 9, 
and means, the analysis of variance, and related statistics for PVP Experi­
ment 2 are given in Table 10 of the Appendix. Means, Fs, Isds, and CVs 
for each of the three experiments are presented in Table 11 of the Appen­
dix. 
As the results in Figure 9 suggest, and the results in Table 10 sub­
stantiate, there were no significant differences in total amylplytlc activ­
ity due to including soluble PVP in the extraction buffer. The lack of 
significant increases in protein concentrations and, or enzymatic activi­
ties due to including PVP have been observed by King (1971) and Baijal et 
al. (1972). There does appear to be a trend of increasing amylolytic 
activity with increasing concentration of PVP. Similar trends were ob­
served with the other two experiments in the range of concentrations from 
0 to 1% soluble PVP. With increasing concentrations of PVP above 1%, how­
ever, no two experiments showed exactly similar trends. Because of this, 
it was not possible to clearly define an "optimum" level of soluble PVP to 
include in the extraction buffer. 
The lack of a consistently significant effect of soluble PVP and the 
difficulty involved in dissolving soluble PVP in extraction buffer sug­
gested that a test of the effects of insoluble PVP on subsequent total and 
specific amylolytic activity would be desirable. 
Two separate experiments (PVP Experiments 4 and 5) were conducted to 
determine the effect of including Insoluble PVP (Polyclar AT - courtesy of 
Dr. C. L. Tipton, l.S.U.) in the extraction process. In PVP Experiment 4, 
trifoliolates of greenhouse-grown 'Msoy' soybeans were harvested and 
prepared using standard techniques. Each level of insoluble PVP (0, 125, 
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250, and 375 mg Folyclar AT) was assigned at random to two replicate leaf 
samples at the time of extraction. The samples were then extracted and 
assayed using standard techniques. A completely randomized design was 
used to analyze the data. The results of PVP Experiment 4 are not pre­
sented, however, partially because of the lack of any significant effect 
of Folyclar AT (F =» 0.48; CV = 8.8%), but primarily because the results of 
FVP Experiment 5 are more demonstrative of the effects of insoluble PVP on 
the efficiency of extraction of proteins and subsequent total and specific 
amylolytlc activities. 
In PVP Experiment 5, trlfoliolates of greenhouse-grown 'Amsoy' soy­
beans were also used, but since 30 leaf samples were to be extracted, 
(which would require 3-4 hours), a randomized block design was used. 
Blocking was used to eliminate any variability which might occur due to 
storage prior to extraction. Two leaf sample sizes (250 and 500 mg) were 
the whole plot treatments, and five levels of insoluble FVP (0, 125, 250, 
500, and 1000 mg) were the subplot treatments. Therefore, three blocks of 
ten leaf samples were involved In this experiment. Within each block, all 
leaf samples were prepared and extracted using standard techniques. After 
centrifugatlon, however, all samples were appropriately diluted to contain 
the same concentration of leaf material/ml extract. All samples were as­
sayed simultaneously using standard techniques, and protein concentrations 
were also obtained using standard techniques. A split plot analysis of 
the data was used to determine the effect of sample size and Insoluble PVP. 
All possible correlations for this data set were also computed. 
Analyses of variance and related statistics for total and specific 
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amylolytlc activities and protein concentrations are given in Tables 12 , 
13, and lA of the Appendix, respectively. The means of these three vari­
ables for each level of PVP for each leaf sample size are presented in 
Table 1, whereas the correlation matrix for this experiment is given in 
Table 15 of the Appendix. 
The whole plot treatment (leaf sample size) had a significant (P<.05) 
effect only on the concentration of protein extracted. The data (Table 1, 
Table 12) Indicate that grinding 250 mg in 5 ml buffer was a more efficient 
method of extracting protein than grinding 500 mg in 5 ml buffer. It is 
possible that the higher concentration of leaf material may have prevented 
sufficient rupturing of cells and homogenizatlon of the sample. This 
could explain the lower protein values obtained with the higher concentra­
tion of leaf material. Birk and Waldman (1965) also observed that a 5% 
concentration of plant material (e.g. 250 mg/5 ml) was optimal for assaying 
amylolytlc activity in various tissues of 'Harosoy' soybeans. Since a 
concentration of 250 mg/5 ml was more conveniently handled during grinding 
in the Ten Broeck tubes than a similar concentration of 500 mg/10 ml, the 
decision to use the former amounts of leaf material and buffer was made. 
The subplot treatment (level of Polyclar AT) also had a significant 
(F<.01) effect on the concentration of protein extracted. In general, more 
protein was extracted with Increasing levels of PVP. In addition, increas­
ing levels of PVP significantly (P<.01) Increased total amylolytlc acti­
vity; however, this effect was more consistent with the larger leaf sample 
size. Neither the whole plot nor the subplot treatments significantly 
affected specific activities. 
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Although the data strongly suggest the use of considerably more Poly-
clar AT than I presented In the standard techniques, this was not done. 
Concentrations of PVP greater than 125 mg/5 ml buffer (2.5%, w/v) were 
difficult to remove by centrifugation at 1500 g and were, in general, in­
convenient to work with. It has also been reported (Loomis and Battaile, 
1966) that high speed homogenization (as was used in this work) can often 
lead to variable amounts of soluble PVF being formed from Insoluble PVP. 
What effects this might have on the amylolytic and protein assays used 
here are not known by the author. The inconsistencies encountered during 
the previous studies using soluble PVP may have been related to some inter­
ference of soluble PVP with these assays. Similarly, the method of protein 
determination which I used (Potty, 1969) measures the amount of protein 
plus phenolics in one assay and the amount of phenolics in a second assay, 
with the difference yielding the concentration of protein. At no level 
of PVP was there any appreciably large difference in the absorbance of the 
protein plus phenolics assay. Also, the large increase in protein ex­
tracted from 250 mg leaf samples when using 1000 mg PVP compared to 500 mg 
PVP seems somewhat unreasonable, however, since similar increases in PVP 
concentrations up to 500 mg did not result in such large increases in pro­
tein with either 250 or 500 mg leaf samples. The decision to use 125 mg/ 
250 mg leaf material * 5 ml extraction buffer was made, although the data 
I have presented do not entirely support this decision. 
In my opinion, no clear cut evidence was obtained that including con­
veniently handled concentrations of PVP (soluble or insoluble) in the ex­
traction process was of exceptional value. Despite this, it was decided 
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to Include 125 mg Polyclar AT/250 mg leaf material • 5 ml buffer to assure 
some protection against possible enzymatic inhibition by tannins, phenolic 
compounds, and, or quinones. The general acceptability of PVP, however, 
has been questioned by Anderson (1968). Baijal et al. (1972) also found 
that the usefulness of PVP varies with the particular plant tissue being 
extracted and the particular enzyme being assayed. Depending on the par­
ticular plant part assayed, Baijal et al. (1972) showed that beta-amylase 
activity could be Increased, decreased, or unaffected by including 1% 
(w/v) soluble PVP in the basal grinding medium. 
Approximate Proportions of Alpha- and Beta-Amylase 
One of the original objectives of this research was to determine which 
of the amylases (alpha or beta) was the primary enzyme involved in hydrol­
ysis of starch In soybean leaf tissue. Attempts to determine the propor­
tions of total amylolytlc activity which could be assigned to alpha- and 
beta-amylase were conducted using chemical inhibitors (HgClg, CuSO^), in­
cubating with and without CaClg and EDTA (ethylenediaminetetraacetlc acid), 
heating samples prior to Incubation, and chromatographlng the reaction 
products. 
0.3 ml delonlzed water, 2 x 10 ^ M HgClg, 4 x 10 ^  M CuSO^, or 5 x 
~3 10 M EDTA were added to reaction mixtures 15-20 minutes prior to initia­
tion of the reaction (by addition of starch). The enzyme allquots used In 
this experiment were obtained from one of the leaf samples which had been 
extracted (pH 7.0) during the extraction buffer pH profile described pre­
viously. The incubation of samples and assaying of reducing values were 
conducted using standard techniques. 
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The results of these assays Indicated that HgClg, CuSO^, and EDTA 
decreased starch hydrolysis by 97%, 4%, and 2%, respectively. Heating 
enzyme samples at 70 C for 15 minutes prior to Incubation decreased starch 
hydrolysis ca. 93%. When samples were incubated with and without CaClg 
added to the reaction mixture (10 mM final conc.), the Inclusion of CaClg 
Increased starch hydrolysis ca. 15%. The results of these tests, with the 
exception of the lack of strong Inhibition by CuSO^, when compared with 
the results of other researchers, suggest that the primary enzyme Involved 
In hydrolysis of starch In soybean leaf tissue Is beta-amylase (Haapala, 
1969b; Frydenberg and Nielsen, 1965; Greenwood and Milne, 1968; Jacobsen 
et al., 1970; Gates and Simpson, 1968; Marshall, 1974). Chromatograms of 
reaction products appeared to substantiate this. 
Although several preliminary attempts were made to chromatograph reac­
tion products, using a variety of ascending and descending materials and 
methods, the methods described by Robyt and French (1963) with some modifi­
cations (French et al., 1965; Lehrfeld, 1971) were finally chosen. The 
general procedure was as follows: (1) Whatman 3 MM chromatography paper 
was cut Into 28 cm square pieces, washed with delonlzed water for 12-16 
hours, and air dried; (2) 2.54 cm strips of similarly prepared 3 MM paper 
were stapled to the top and bottom of the square pieces to strengthen the 
paper; (3) spots (75-100 yl) of the reaction products obtained from Incuba­
tion of starch with crude enzyme preparations and from Incubation with 
Bacillus subtllls «-amylase, and spots (1-2 yl) of glucose and maltose 
standards (.8% solutions) were applied ca. 2.54 cm apart along a line ca. 
3.8 cm from the bottom of the paper ; (4) spots were dried with forced, hot 
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air; (S) the paper was folded Into a cylinder, stapled, and placed into a 
glass, cylindrical chamber which contained the irrigation solvent (23:41:35 
parts by volume of water, absolute ethanol, and nitromethane); (6) the 
chamber was placed into an oven held at 65 C; (7) two (two-hour) ascents 
were used to separate the reaction products, with the paper being air 
dried between ascents; (8) after the second ascent, the chromatogram was 
again air dried and then developed using the materials and methods de­
scribed by Robyt and French (1963); (9) Lehrfeld's (1971) technique for 
increasing the resolution of higher oligosaccharides by applying a solution 
(.1%) of amyloglucosldase to the chromatogram was also used. 
Each of the leaf samples (from one replication) extracted during the 
extraction buffer pH profile experiment (Figure 1) was incubated for zero 
and 60 minutes, using standard techniques. The reaction was stopped by 
placing the test tubes in boiling water. After five minutes, the samples 
were removed from the boiling water, cooled in ice water, decanted into 
small vials which were then capped and placed into a refrigerator (ca. 4 C) 
until aliquots could be chromatographed. Bacillus subtills a-amylase (50 
mg from .5 ml of a .01% freshly prepared solution) was also Incubated for 
zero and 60 minutes with 1 ml 1% Lintner's soluble starch and 1.5 ml 5 x 
10 ^  M sodium-acetate buffer, pH 4.8. 
Reaction products from each sample of one replication of the extrac­
tion buffer pH profile were chromatographed with glucose and maltose stan­
dards and with the reaction products obtained from incubation of Bacillus 
2" a-amylase. The chromatograms I obtained were never picture perfect; 
however, all leaf samples revealed only one end product. This product co-
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chromatographed with maltose at both zero and 60 minutes after incubation. 
At time zero, no reaction products were observed from the Bacillus s. as­
say, whereas at 60 minutes after incubation, glucose, maltose, and a range 
of small to large oligosaccharides were observed. On the basis of these 
results, I concluded that the primary amylase involved in hydrolyzing 
starch in soybean leaf tissue, using my standard techniques, was beta-amy-
lase. 
The chromatographic results and the results of the effects of various 
I I 
chemicals, addition of CaClg, removal of Ca ions by EDTÂ, and heating 
prior to incubation all suggest that beta-amylase has, proportionately, 
a much larger role in hydrolyzing starch in soybean leaf tissue than does 
alpha-amylase. It is interesting that beta-amylase is also the primary 
enzyme involved in hydrolysis of starch in soybean seeds (Gertler and Birk, 
1965; Greenwood and Milne, 1968). The presence of alpha-amylase in soy­
bean leaf tissue is not denied, nor can the results of my experiments de­
signed to discriminate between alpha- and beta-amylase be used as conclu­
sive evidence that alpha-amylase plays a minor role in hydrolysis of starch 
in soybean leaf tissue. The ubiquity and role of alpha-amylase in plants 
in general are fairly well established (Gates and Simpson, 1968; Dunn, 
1974; Glbbs, 1966). Similarly, chromatograms of enzyme extracts Incubated 
at a different pH may have revealed quite different end products (see 
Peterson et al., 1973). The Importance and predominance of beta-amylase, 
nevertheless, have been established for some plants (Alexander and Kumar, 
1974; Baapala, 1969b). On the basis of my results, I am only suggesting 
that under the conditions I used the larger proportion of amylolytic 
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activity can be attributed to a beta-amylase enzyme. 
Effects of ^  vitro Temperatures and Concentrations 
of Enzyme and Substrate 
Three additional factors which are known to affect the rate of enzyme-
catalyzed reactions are temperature and enzyme and substrate concentra­
tions. Like most chemical reactions, the rate of an enzyme-catalyzed reac­
tion increases as the temperature increases. An increase of 10 C will in­
crease the activity of most enzymes by 50-100% (Worthington Biochem. Corp., 
1972). Experiments were planned to determine the effect of temperature on 
in vivo amylolytic activities in relation to intemode elongation. Al­
though the response of an enzyme to temperature vivo may not be the 
same as its response vitro » it was considered important to determine 
the effect of temperature on the ^  vitro activity of the crude enzyme 
preparations. 
Two replicate leaf samples of greenhouse-grown 'Amsoy' soybeans were 
prepared and extracted using standard techniques. Using the standard incu­
bation mixture, three (.5 ml) aliquots of each extract were incubated at 
0, 10, 20, 30, 40, 50, 60, and 70 C. The results of this experiment, which 
are presented in Figure 10, indicate that, ^  vitro, the amylolytic activ­
ities were very responsive to increasing temperatures and were relatively 
resistant to higher temperatures. For each 10 C increase in temperature 
from 0 to 70 C, the Q^gS are 2.42, 1.93, 1.88, 1.81, 1.40, .99, and .24, 
respectively. Birk and Waldman (1965) reported almost identical results 
with amylase extracted from soybean flour, but stated that amylase from 
'Harosoy' leaf tissue had a temperature optimum in the form of a plateau 
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between 40 and 60 C. The reasonCs) for the different results Is not known. 
Although It is likely that there are varietal differences in amylolytlc 
responses to temperatures, according to Greenwood and Milne (1968) the 
rate of inactlvatlon of an enzyme at any one temperature depends on several 
things, e.g. pH, protein and, or substrate concentration, etc. It may be 
that these factors were responsible for the different results. 
Measurements of enzyme activity are most dependable when they are 
made during the time that the reaction rate is zero order. The need for 
dependable measurements in any experiment should be obvious. To be cer­
tain that the reactions being measured were zero order and, therefore, 
that the observed activity was proportional to the amount of enzyme pres­
ent, two experiments involving enzyme and substrate concentration were 
conducted. 
To study the effect of Increasing enzyme concentration upon the ob­
served amylolytlc activity, the concentrations of maltose equivalents were 
measured at seven time intervals after initiating the reaction for each of 
five concentrations of enzyme. Four (250 mg) leaf samples of greenhouse-
grown 'Amsoy' soybeans were prepared and extracted using standard tech­
niques, with one exception. The extraction buffer used in this particular 
experiment contained .02% (v/v) Triton X-100. Triton X-100 has been re­
ported to help stabilize beta-amylase of soybean seed (Takeda and Hlzukuri, 
1972). After centrlfugatlon, the supematants of the four samples were 
combined and then diluted fivefold with deionlzed water. The incubation 
mixture had a total volume of 15 ml. Starch was maintained at the same 
concentration used in the standard techniques, whereas the concentrations 
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of crude enzyme were varied to cover a range of IX, 2X, 4X, 8X, and 16X, 
where X " .417 mg leaf material/ml. All samples were incubated at 35 C 
In the standard manner. At 0, 5, 10, 15, 20, 25, and 30 minutes after 
initiating the reaction, two replicate (1 ml) allquots were removed and 
assayed for reducing values. 
The results of this experiment, which are shown in Figure 11, indi­
cate that with the concentration of substrate used in the reaction mixture 
(3.333 mg/ml), the reactions were zero order. The observed activity was 
proportional to the amount of enzyme present and time. This information 
was important since experiments were planned in which differences in the 
amounts of enzyme present were expected. 
To study the effect of increasing substrate concentration upon the 
observed amylolytlc activity, the concentrations of maltose equivalents 
were measured at seven time Intervals after initiating the reaction for 
each of 11 concentrations of Llntner's soluble starch. Two replications 
were used, and In each replication three (250 mg) leaf samples were har­
vested, prepared, extracted, and diluted as described for the study just 
presented involving enzyme concentrations. Again, the incubation mixture 
had a total volume of 15 ml, but in this experiment, the concentration of 
crude enzyme remained the same, whereas the concentrations of starch were 
varied to cover a range of IX, 2X, 4X, 8X, 16X, 32X 1024X, where 
X - .03125 mg/ml. All samples were incubated at 35 C in the standard 
manner, and at 0, 5, 10, 15, 20, 25, and 30 minutes after initiating the 
reaction, two replicate (1 ml) allquots were removed and assayed for re­
ducing values. 
49 
16X 
1.20 
1.08  
8X 
iH 
2X 
12 IX 
25 30 0 5 10 15 20 
Time, minutes 
Figure 11. Effect of enzyme concentration and time upon amylolytic 
activity 
50 
The concentrations of starch used In this experiment cover such a 
large range that the results of the effects of Increasing starch concen­
tration on the production of maltose equivalents can not be presented on 
a single graph. The results were similar to those usually observed when 
velocity vs substrate concentration are shown graphically. No Inhibition 
of anylolytlc activity by relatively high starch concentrations was appar­
ent; however, the highest concentration used (32 mg/ml) resulted In exces­
sive turbidity when boiled. These samples could not be mixed sufficiently 
to remove the turbidity and, hence, were not Included In the results. 
The results of this experiment are presented In the form of a 
Llneweaver-Blrk plot In Figure 12. The apparent value (ca. 1 mg/ml) 
obtained from this plot Is relatively small and Indicates that the normal 
concentration of starch used In the standard techniques Is sufficient and 
that the affinity of the enzyme(s) being measured for substrate was rela­
tively high. Gertler and Blrk (1966) reported a value of .111 mg sol­
uble starch/ml for purified beta-amylase from soybean seed, whereas 
Peterson et al. (1973) reported an apparent value of 1.818 mg soluble 
starch/ml for crude preparations of beta-amylase from com leaf tissue. 
These values, of course, can not be compared to the apparent value 
I observed for amylolytlc activity of soybean leaf tissue. They are pre­
sented only to Illustrate that the apparent value I observed would 
appear to be a reasonable value. 
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Duration of Homogenlzatlon and Dilution 
of Crude Enzyme Extracts 
Considerable variability In total and specific amylolytlc activities 
were often observed between supposedly Identical leaf samples which were 
treated similarly. Two factors In addition to those already tested (e.g. 
extraction and Incubation buffer pH, storage of samples, concentration of 
enzyme, etc.) were thought to possibly have some Influence on the amount of 
variability encountered between "Identical" leaf samples. These two fac­
tors were: (1) duration of homogenlzatlon; and (2) dilution of the crude 
enzyme extracts. 
Nonuniform homogenlzatlon of leaf samples could possibly result In 
unequal amounts of solublllzed enzyme and, hence. Increased variability. 
The lengths of time samples are homogenized would be expected to Influence 
the uniformity between samples. Nine (250 mg) leaf samples were harvested 
and prepared using standard techniques from greenhouse-grown 'Amsoy' soy­
beans. The nine samples were divided Into three replications; a treatment 
(30, 60, 120 seconds of grinding) was randomly assigned to each sample 
within each replication, and the samples were extracted using standard 
techniques. A completely randomized design was used to analyze the data. 
Means, the analysis of variance, and related statistics are presented in 
Table 16 of the Appendix. 
Although there were no significant differences between treatments 
(F » .79), the CVs of the individual treatments were somewhat differ­
ent. Increasing durations of homogenlzatlon were associated with increas­
ing CVs. Homogenizing for 30, 60, and 120 seconds resulted in CVs of 9.6%, 
11.9%, and 14.9% respectively. Whereas the shortest duration had the 
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smallest CV, It also had the smallest mean total amylolytlc activity. 
Sixty seconds of grinding gave an intermediate CV and the highest mean to­
tal amylolytlc activity, whereas 120 seconds of grinding gave the largest 
CV and the smallest mean total amylolytlc activity. On the basis of these 
results, 60 seconds was chosen as an appropriate time period for homogeni-
zation. 
As mentioned in the standard techniques, crude enzyme extracts were 
normally diluted five or tenfold with deionized water. Takeda and Hizukurl 
(1972) reported, however, that dilution of preparations of g-amylase from 
sweet potato and soybean often resulted in inactivatlon of the enzyme. 
This inactivatlon could be prevented or restored by the addition of Triton 
X-100 (a neutral, nonlonic detergent) to the diluting buffer. It was 
thought that some of the variability encountered during my experiments 
could, perhaps, result from dilution of low levels of enzyme and consequent 
loss of amylolytlc activity. Three separate experiments were conducted to 
study the influence of including Triton X-100 in the extraction buffer and 
in the dilution buffer. Each experiment consisted of three treatments and 
four blocks and was analyzed as a randomized block design. 
In Triton X-100 Experiments 1 and 2, the three treatments were: (1) 
homogenize with standard extraction buffer and dilute extracts with deion­
ized water; (2) homogenize with standard extraction buffer containing .02% 
(v/v) Triton X-100 and dilute extracts with standard extraction buffer; 
and (3) homogenize with standard extraction buffer containing .02% (v/v) 
Triton X-100 and dilute extracts with buffer identical to that used for 
extraction. In Triton X-100 Experiment 3, the concentrations of Triton 
X-100 were doubled in treatments 2 and 3. 
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For each experiment 12 (250 mg) leaf samples of greenhouse-grown 
'Amsoy' soybeans were harvested and prepared using standard techniques. 
Samples were then placed into a freezer (ca. -35 C) until extraction. At 
the time of extraction, treatments were assigned at random to each sample 
within each of the four blocks. After extraction, standard techniques 
were used throughout the rest of each experiment. Apparently, the protec­
tive effects of Triton X-100 are greater as the enzyme becomes more dilute. 
In assaying the extracts of each treatment, therefore, two rates of dilu­
tion were used, i.e. fivefold and twentyfold. The results of the fivefold 
and twentyfold dilutions were considered as two separate experiments within 
each of the three Triton X-100 Experiments and each was analyzed separately 
using a randomized block design. 
Means, the analyses of variance, and related statistics for the five­
fold and twentyfold dilutions of Triton X-100 Experiments 1, 2, and 3 are 
given in Tables 17, 18, and 19 of the Appendix. Considering the results 
of the fivefold dilutions first, only one of the three experiments indi­
cated that there was a significant difference between treatments. Treat­
ments 2 and 3 in Triton X-100 Experiment 2 were both significantly larger 
than treatment 1. Because of the way in which treatments 2 and 3 were de­
signed, however, it Is not possible to determine whether the higher amylo-
lytlc activity was a result of Including Triton X-100 in the extraction 
buffer or in the dilution buffer. Overall, there would appear to be little 
beneficial effect of Including Triton X-100 in the extraction or the dilu­
tion buffer when crude extracts are diluted only fivefold. 
The results of the twentyfold dilutions suggest that there may have 
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been some beneficial effect of including Triton X-100 in both the extrac­
tion and the dilution buffer when crude extracts were diluted twentyfold. 
No two experiments showed the same results, and, therefore, this statement 
is somewhat questionable. In Triton X-100 Experiment 2, there were no 
significant treatment differences at all, whereas in Experiment 1, all 
three treatments were different from each other, and in Experiment 3, only 
treatments 2 and 3 were significantly different. 
The results of these three experiments for each of the rates of dilu­
tion are at best indicative of the magnitude of variability often encoun­
tered throughout the research of this thesis when an experiment was re­
peated. Seldom, as described here, did two experiments yield Identical 
results. The results of the Triton X-100 Experiments were so variable 
that any definite statement can not be made as to whether Triton X-100 
should be included in either the extraction or the dilution buffer. 
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CHAPTER IV. TEMPERATURE EXPERIMENTS 
Introduction 
On the basis of the evidence presented In several of the papers cited 
in the INTRODUCTION AND LITERATURE REVIEW, it was assumed that Increasing 
temperatures (especially night temperatures) during the transition from 
vegetative to reproductive growth would cause an increased turnover of GAs 
or an increased sensitivity of the plant to GA, and that this would result 
in increased amylolytic activities, increased intemode lengths, and in­
creased competition between vegetative and reproductive growth. Three tem­
perature experiments were conducted to test this assumption in relation to 
the influence of night temperature on total and specific amylolytic activi­
ties. 
Temperature Experiment 1 
Materials and methods 
For Temperature Experiment 1, 12 seeds of 'Amsoy' soybeans were 
planted (January 16, 1974) in each of 54 (11.35 liter) polyethylene pots 
(height, 23 cm; outside diameter, 27 cm) containing a potting mixture of 
1 part 8oil:l part sand (v/v). Two samples of this potting mixture were 
analyzed by the Iowa State University Soil Testing Laboratory. The mean 
soil pH of these two samples was 6.85, and the,mean potassium and phospho­
rus contents were equivalent to 320 and 40 lbs/acre, respectively. The 
organic matter content was ca. 3%. The soil and seeds in each pot were 
inoculated with Rhizoblum japonicum S-138 the day after planting by first 
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applying 20 ml of a solution containing ca. 10^ bacterial cells/ml and 
then applying 20 ml water. 
The plants, which emerged January 20, 1974, were periodically thinned 
until there were two plants/pot. These plants were grown In a greenhouse 
until the time of application of treatments at eight weeks after planting. 
During their growth, the plants received water as needed and 12Sml/pot * 
week of a standard nutrient solution. The contents of the nutrient solu­
tion used are given in Table 20 of the Appendix. 
Supplemental lighting was provided by three (ca. 2 meter) banks of 
lights, each bank containing 20 (40 watt) cool-white, fluorescent bulbs. 
On the day of planting, the light banks were set ca. 36 cm above the soil 
surface, and light measurements were recorded, using a Lambda Ll-185 
Quantum/Radiometer/Photometer (courtesy of Dr. R. M. Shlbles, ISU). A 
mean value of ca. 260 yE/m^ * sec was obtained by placing the sensing de­
vice approximately half way between the light source and the soil surface 
of each of the 54 pots. The light banks were periodically raised to assure 
maximum lighting and minimum shading. Initially a photoperiod of 16 hours 
of light was provided by the supplemental lighting system; however, this 
was changed to a photoperiod of 12 hours at six weeks after planting and 
to a photoperiod of 10 hours at seven weeks after planting. At ca. eight 
weeks after planting, eight plants (4 pots) were placed into each of four 
controlled-temperature growth chambers at 4:30 p.m. on March 12, 1974. 
Each pot was watered until saturated. Each growth chamber was mainalned 
at either 4±2.7 C, 16±2.7 C, 27±2.7 C, or 35±2.7C under dark conditions 
for the next 16 hours. 
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After 16 hours under these conditions, the total number of nodes/plant 
was recorded, and two adjacent trifoliolates from each plant in each growth 
chamber were harvested. The two trifoliolates were harvested from posi­
tions toward the top of the plant, and each trifollolate's position (1 " 
lower position; 2 • upper position) was recorded. Two samples of each tri-
foliolate were prepared, using standard techniques, wrapped in aluminum 
foil, and placed into a freezer (ca. -35 C). Each sample was subsequently 
extracted and assayed using standard techniques, with the exception that 
the crude enzyme extracts were diluted twentyfold with delonlzed water 
prior to the enzyme assays. Total and specific amylase activities, total 
and specific Invertase activities, and protein and reducing sugar concen­
trations were determined for each sample. A total of 32 samples, from 2 
samples/trlfollolate, 2 trlfollolates/plant, and 8 plants/treatment, were 
assayed for each temperature. 
Since there was no replication involved in this experiment, the data 
were subjected to regression analyses. The treatment (temperature) effect 
was evaluated on the basis of whether or not the slope of the regression 
line over the four temperatures was significantly different from zero. All 
possible correlations were also computed. In presenting the results of 
this experiment and all remaining ones, I will be using the following ab­
breviations: total amylolytlc activity • mg maltose/g leaf * hr * T. amy­
lase; specific amylolytlc activity " mg maltose/mg protein * hr - S. angr-
lase; protein concentration • mg protein/g leaf - protein; total invertase 
activity " mg glucose/g leaf ' hr - T. Invertase; specific invertase activ­
ity " mg glucose/mg protein * hr • S. Invertase; reducing sugar concentra-
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tlon " mg glucose/g leaf - R. sugar. 
Results and discussion 
Means of each variable at each temperature for Temperature Experiment 
1 are given in Table 21 of the Appendix, whereas the results of the vari­
ous regression analyses are given in Table 22 of the Appendix. The simple 
correlation coefficients obtained from these data are given in Table 23 
of the Appendix. Figures 13, 14, and 15 are graphs of the means for total 
amylolytic activity, total invertase activity, and reducing sugar concen­
trations, respectively, as related to temperature. 
As the figures suggest, and as the results of the regression analyses 
substantiate, temperature apparently had a significant effect on total in­
vertase activity and reducing sugar concentrations, but did not have a sig­
nificant effect on total amylolytic activity. With increasing temperatures, 
invertase ^activities and reducing sugar concentrations decreased, whereas 
amylolytic activities were apparently unaffected, statistically. These re­
sults suggest that increasing temperatures have little influence on total 
amylolytic activities. However, with the exception of the mean value at 
27 C, it appears that amylolytic activity might be increasing with increas­
ing temperatures. It may be that factors other than temperature (e.g. sub­
strate concentration, light) were limiting the activity of the amylases 
present. Similarly, the lack of a decrease in total amylolytic activity 
when total invertase activity was decreasing may indicate a greater high 
temperature tolerance of amylases compared to Invertases. 
On the other hand, the correlation coefficients of reducing sugar con-
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centratlons with Invertase activities (total and specific) were larger 
than those of reducing sugar concentrations with amylolytic activities 
(total and specific). It may be that the primary carbohydrate being hydro-
lyzed for respiration and growth in these leaves was sucrose and not starch 
or long-chain oligosaccharides. The fact that the trifoliolates were har­
vested from the upper part of the plant and were probably, primarily im­
porting leaves would seem to support the idea that sucrose was a more im­
portant source of carbohydrate than starch for growth and respiration in 
these leaves. 
The effect of trifollolate position was tested using the temperature 
by position interaction mean square as the error term and position as the 
treatment effect (T. B. Bailey, Statistician, ISU, 1974, personal communica­
tion) . The results of these analyses, which are given in Table 24 of the 
Appendix, showed that only protein concentrations and specific amylolytic 
activities were significantly affected by trifollolate position. Phenolo-
gically younger leaves had higher protein concentrations and smaller specific 
anxiolytic activities. There was little influence of trifollolate position 
on total and specific invertase activities, total amylolytic activities, 
or reducing sugar concentrations. These results do not agree with those 
of Birk and Ualdman (1965) which indicated that more total amylolytic 
activity was associated with older leaves than with younger leaves in 
'Harosoy' soybeans. These results also do not agree with those reported 
by Alexander and Kumar (1974) for sugarcane. They reported more specific 
amylolytic activity in younger leaves than older ones, as did Karbassl 
(1971), who worked with orchardgrass. I have no explanation for the differ­
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ences In results. 
A second temperature experiment was deemed necessary. The plants in 
Temperature Experiment 1 had not been preconditioned and were exposed to 
a relatively long dark period prior to harvest. It was thought that these 
two factors may have had some influence on the results obtained. It may 
be that the production of GÂ or sensitivity of the plant to 6A requires 
more time. Depletion of reserve carbohydrates (sucrose and starch) may 
have also occurred during this long dark period. The lack of response to 
temperature may have been due to a lack of ^  vivo substrate or to a lack 
of sufficient time. The primary purpose of Temperature Experiment 2 was 
to study changes in amylolytic and invertase activities as a function of 
the length of time plants were exposed to a high night temperature. 
Temperature Experiment 2 
Materials and methods 
The plants used in Temperature Experiment 2 were seeded and grown in 
a manner similar to that described for plants in Temperature Experiment 1. 
There were, however, some exceptions. Twelve seeds of 'Amsoy' soybeans 
were planted (April 17, 1974) in each of 14 (11.35 liter) polyethylene pots 
containing a potting mixture of 2 parts sollzl part sand (v/v). No analy­
sis of this potting mixture was made, nor were the seeds and soil inocu­
lated with Rhizobium iaponlcum. The plants, which emerged April 21, 1974, 
were periodically thinned until there were two plants/pot. These plants 
were also grown in a greenhouse until the time of application of treatments 
at ca. six weeks after planting. During their growth, the plants received 
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water as needed; however, the standard nutrient solution was applied only 
twice. Supplemental lighting, as described for the first six weeks of 
Temperature Experiment 1, was provided only until May 1. 
At ca. six weeks after planting, on the evening of June 4, all of the 
experimental material (24 plants; 2 plants/pot) was placed Into a con-
trolled- temperature growth chamber, and the pots were watered until satu­
rated. The chamber had previously been set to maintain a temperature 
regime of 21 C day/32 C night and a photoperiod regime of 13 hours light/ 
11 hours dark. Light ( ca. 10,000 lux) was provided by a mixture of cool 
white fluorescent bulbs and incandescent bulbs. No photosynthetically ac­
tive radiation data were recorded. 
The plants were allowed to adjust to the change from greenhouse condi­
tions to growth chamber conditions during the night of June 4 and the day 
of June 5. The mean maximum temperature these plants had been exposed to 
during the week prior to June 4 (i.e. May 28 to June 3) was 25 C and the 
mean minimum temperature was 15 C. During the evening of June 5 (Night 1), 
five sampling times (8:30 p.m. to 4:30 a.m., at two hour intervals) were 
used to harvest samples. At each sampling time, one (250 mg) sample from 
each of two adjacent trifollolates from each of two plants was harvested 
and prepared using standard techniques. Samples were then placed into a 
freezer (ca. -35 C) until they could be extracted and assayed. The total 
number of nodes/plant, each trlfoliolate's position (position 1 = lower; 
position 2 « upper), and each trlfoliolate's total fresh weight were re­
corded prior to preparation and freezing of samples. Plants not sampled 
during Night 1 were left in the chamber during the day of June 6. Before 
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the night period began, the pots were watered again. During the evening 
of June 6 (Night 2), seven sanqillng times (8:30, 8:45, 9:00, 9:30, and 
10:30 p.m., and 12:30 and 4:30 a.m.) were used to harvest samples. At 
each sasqillng time of Night 2, the same procedures were followed and data 
recorded as during sampling times of Night 1. 
Plants sampled during Night 2, therefore, had experienced two nights 
of 32 C temperature, whereas those sampled during Night 1 had been exposed 
to only one 32 C night. Plants sampled during Night 2 were also sampled 
at much closer time Intervals during the earlier part of the evening than 
those satq>led during Night 1. 
Each sangle was subsequently extracted and assayed using standard 
techniques. Total and specific amylase activities, total and specific In-
vertase activities, and protein and reducing sugar concentrations were de­
termined for each sample. The total number of samples assayed were: (1) 
four samples for each sampling time during each night; (2) 20 samples for 
Night 1; and (3) 28 samples for Night 2. Since each trlfollolate's fresh 
weight had been recorded. It was also possible to express the data on a 
per leaf (or per trlfollolate) basis. Although this was done, subsequent 
regression analyses Indicated that expressing the data on a per leaf basis 
gave very similar results to expressing the data on a per g leaf basis, 
and hence, the latter basis Is presented for this experiment as has been 
done with previous experiments. 
Since no replication had been used in this experiment, the data were 
subjected to regression analyses. Data from Nights 1 and 2 were analyzed 
separately, since the time intervals between harvests were not identical 
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and Mights 1 and 2, therefore, could not be considered as replications. 
The treatment (time after beginning 32 C night) effect was evaluated on 
the basis of whether or not the slope of the regression line (derived from 
regressing each variable on time after beginning 32 C night) was signifi­
cantly different from zero. All possible correlations were also computed. 
Results and discussion 
Means of each variable at each sampling time for Nights 1 and 2 of 
Temperature Experiment 2 are given in Tables 25 and 26 of the Appendix, 
respectively. The results of the regression analyses for Nights 1 and 2 
are given in Tables 27 and 28 of the Appendix, respectively, and the 
simple correlation coefficients obtained from the data of Nights 1 and 2 
are given In Tables 29 and 30 of the Appendix, respectively. Figures 16, 
17, and 18 are graphs of the means for total amylolytlc activity, total 
Invertase activity, and reducing sugar concentrations, respectively, as 
related to sampling time during Night 1. Similar graphs for Night 2 are 
presented in Figures 19, 20, and 21. 
Referring to Figures 16, 17, and 18, the results of Night 1 suggest 
that under a relatively high night temperature changes in amylolytlc activ­
ities, Invertase activities and reducing sugar concentrations occur fairly 
rapidly. The magnitude of change with time, but not the direction, varied 
with the character being measured. Although the results are not conclu­
sive, all three variables tended to decrease with time during the 32 C 
night. Whereas the decreases in total invertase activity and reducing 
sugar concentrations were significant, the decrease in total amylolytlc 
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Figure 16. Mean total amylolytlc activity as related to hours after the 
beginning of a 32 C night - Temperature Experiment 2, Right 1 
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Figure 17. Mean total Invertase activity as related to hours after the 
beginning of a 32 C night - Temperature Experiment 2, Night 1 
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Hours after beginning 32 C night 
Figure 18. Mean reducing sugar concentrations as related to hours after 
the beginning of a 32 C night - Temperature Experiment 2, 
Night 1 
71 
activity vas not significant, perhaps, because of the relatively high value 
obtained at eight hours after the beginning of the 32 C night. 
These results definitely do not suggest that there were Increases in 
any of the variables measured under the given conditions. The concentra­
tion of substrates for these two enzymes could possibly have been rela­
tively small, and this may have had a limiting effect on any possible in­
crease in enzymatic activity due to an Increased night temperature. In 
the absence of substrate, perhaps, an Increased night temperature can not 
cause an increase in the rate of an enzyme-catalyzed reaction. Similarly, 
it does not seem likely that the decrease in enzyme activities resulted 
from the 32 C temperature, since incubation temperatures of this magnitude 
(in vitro) were not inhibitory to these enzymes. The trlfollolates har­
vested in this experiment were phenologlcally young. As such, they prob­
ably were storing little starch and Importing considerable amounts of 
sucrose (Thaine et al., 1959). When the lights were shut off at the be­
ginning of the night, the transport of sucrose to these younger leaves may 
have slowed considerably Okorby et al., 1974). The presumably low levels 
of starch and decreased import of sucrose could have negated the effect of 
an Increased night temperature. 
Referring to Figures 19, 20, and 21, the results of Night 2 were simi­
lar to those of Night 1. There were two major exceptions. Whereas total 
invertase activity, but not specific invertase activity, decreased signifi­
cantly during Night 1, the reverse was observed during Night 2. And, dur­
ing Night 2, the initial responses of the variables measured to the change 
from light to dark and from 21C to 32 C were observed during shorter time 
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Figure 21. Mean reducing sugar concentrations as related to hours after the beginning of a 32 C 
night - Temperature Experiment 2, Night 2 
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Intervals. During Night 2, total Invertase activities first decreased 
rapidly, but then returned to about the zero time level of activity and 
remained fairly constant throughout the rest of the night. Total amylo-
lytlc activities first decreased, then Increased, and finally settled Into 
a slow decline throughout the rest of the night. Reducing sugar concentra­
tions first decreased rapidly and then remained at relatively low concen­
trations throughout the rest of the night. 
The combined results of Nights 1 and 2 appear to indicate: (1) an 
initially rapid decrease in total Invertase activities, followed by a 
leveling off of activities at a value somewhat lower than that observed at 
time zero; (2) an initially rapid decrease in total amylolytic activity, 
and then an increase toward the level observed at time zero for up to two 
hours after the night began, followed by a gradual decline throughout the 
rest of the night; and (3) an initially rapid decrease and then a relative­
ly constant decrease in reducing sugar concentrations during the 32 C 
night. 
The initial, rapid decreases in both total Invertase and total anxio­
lytic activities may have been caused by the transition from light to dark 
with the beginning of the night. There is evidence in the literature which 
suggests that many photosynthetic enzymes are activated by light (Marcus, 
1971; Kachru and Anderson, 1975). It seems reasonable to suggest that 
enzymes which are involved in the hydrolysis of temporary storage products 
of photosynthesis may also be activated by light, or inactivated by dark­
ness. The subsequent increase in both total amylolytic and total invertase 
activities following the initial decrease may have been due to an adjust-
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ment of both enzymes to their new environment. The leveling off of total 
Invertase activity could possibly have been the result of a leveling off 
of the rate of translocation of sucrose to the young leaves. A relatively 
steady flow of sucrose to these leaves from older leaves may have Induced 
a relatively steady rate of hydrolysis of sucrose, which, in turn, could 
explain the relatively stable level of reducing sugar concentrations after 
two to four hours. With total amylolytic activity, the gradual decline 
observed after two hours, which continued throughout the rest of the night, 
may have been czzzsd by a continuously decreasing supply of substrate. It 
is doubtful that starch synthesis would have been occurring under these 
conditions, and it is also doubtful that the 32 C night temperature caused 
denaturation or inactivation of the enzyme la vivo. 
The effect of trifoliolate position was tested as described in Temper­
ature Experiment 1. Each night was analyzed separately, but both gave 
identical results, with one exception. The data from both Nights 1 and 2 
indicated that both total and specific amylolytic activities were greater 
in younger leaves. These results are contrary to those obtained from Tem­
perature Experiment 1, but they are similar to those reported in the liter­
ature. Protein concentrations were higher in older leaves during Night 2, 
but there were no differences during Night 1. I have no explanation for 
these results. 
Although the results of this experiment indicated that the responses 
observed due to an increased night temperature could depend on when the 
samples were harvested, they could not be used to determine the response 
of amylolytic activities to different temperatures. Although Temperature 
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Experiment 1 did Involve the response of amylolytlc activities to differ­
ent temperatures, the results were not conclusive. A third ten^erature 
experiment which was similar to Temperature Experiment 1, but which had 
replications of the temperature effect, was begun. 
Temperature Experiment 3 
Materials and methods 
For Temperature Experiment 3, 12 seeds of 'Amsoy' soybeans were 
planted at two-day intervals beginning May 15, 1974, and ending May 29, 
1974. On each day of planting, seeds were planted in four (11.35 liter) 
polyethylene pots containing a potting mixture of 2 parts soilzl part sand 
(v/v). Two samples of this potting mixture were analyzed by the Iowa 
State University Soil Testing Laboratory. The mean soil pH of these two 
samples was 7.3, and the mean potassium and phosphorous contents were 
equivalent to 184 and 28 lbs/acre, respectively. The seeds and soil used 
in this experiment were not inoculated with Rhizobium japonicum. As the 
plants emerged, they were periodically thinned until there were two plants/ 
pot. These plants were grown in a greenhouse until the time of application 
of treatments at ca. eight weeks after planting. During their growth, the 
plants received water as needed, but never any of the standard nutrient 
solution. Supplemental lighting was not provided during this experiment. 
Treatments (16, 21, 27, or 32 C night temperature/constant 21 C day 
temperature) were applied to the plants in sets of eight plants (4 pots). 
Each treatment was replicated twice. Each set of plants was placed into a 
controlled-temperature growth chamber at two-day intervals, just as they 
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had been planted. Before each set of plants was placed Into the chamber, 
the chamber was set to maintain one of the four temperature regimes and a 
photoperlod regime of 14 hours light/10 hours dark. Each set of plants 
was placed into the chamber at ca. 9:00 a.m. After 24 hours and 48 hours, 
two adjacent trifoliolates on a plant were harvested, combined, and pre­
pared, using standard techniques, to obtain one (250 mg) leaf sample/plant. 
This was done for four plants at each sampling time, and the samples (8 
samples/temperature treatment) were stored in a freezer until they could 
be extracted and assayed. At the end of a given 48 hour period, another 
temperature regime was set up and eight different plants were placed into 
the chamber and sampled after 24 and 48 hours in the manner described 
above. This whole process of changing temperature regimes and harvesting 
samples was repeated until each of the four different temperature regimes 
had been replicated twice. This gave a total of 16 leaf samples for each 
temperature. 
Leaf samples were subsequently extracted and assayed using standard 
techniques. Total and specific amylolytic activities, total and specific 
invertase activities, and protein and reducing sugar concentrations were 
determined for each sample. A split plot analysis of a randomized block 
design was used to evaluate the data. Night temperatures were the whole 
plot treatments and sampling times were the subplot treatments. 
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Results and discussion 
Means of each variable at each sampling time for each temperature are 
given In Table 31 of the Appendix. Results of the analysis of variance 
and related statistics for the whole plot treatments are given In Table 32 
of the Appendix, and the same Information for the subplot treatments and 
the Interaction term Is given In Table 33 of the Appendix. The simple 
correlation coefficients related to this experiment are given in Table 34 
of the Appendix. Figures 22, 23, and 24 are graphs of the means of total 
amylolytlc activity, total Invertase activity, and reducing sugar concen­
trations, respectively, as related to the night temperatures used in this 
experiment. 
This experiment was similar to Temperature Experiment 1, but it in­
volved only one growth chamber, and it was replicated. Night temperature 
had no statistically significant effect on any of the variables measured 
in this experiment. Total amylolytlc activities responded to increasing 
night ten^erature In this experiment (Figure 22) almost identically to the 
way they responded In Temperature Experiment 1 (Figure 13), at least over 
the range of 16 to 32 C. Although the differences were not statistically 
significant, total amylolytlc activity decreased from 16 to 27 C, but then 
Increased at 32 C. 
Total Invertase activities (Figure 23), in general, decreased with in­
creasing temperature. The results are not clear cut, however, and they are 
somewhat different from the results of Temperature Experiment 1 (Figure 
14). In Temperature Experiment 1, total Invertase activities decreased 
sharply, consistently, and significantly as night temperature increased. 
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In this experiment, although differences between invertase activities were 
relatively large, they were not significant and did not suggest a consist­
ent trend. 
Reducing sugar concentrations (Figure 24) decreased with Increasing 
night temperatures; however, the differences were not statistically signif­
icant. These results are similar, again, to those obtained In Temperature 
Experiment 1 over the range from 16 to 32 C. 
Sampling time had a significant effect on protein concentrations and 
on total and specific Invertase activities. In each case, sampling after 
48 hours resulted in significantly larger values than sampling after 24 
hours. These results seem to suggest that there may have been some condi­
tioning of the plants In response to a second night in the growth chamber. 
A reason for these changes Is not readily apparent. The Interaction term 
was not significant for any of the variables measured. This Indicates 
that the effects of temperature were consistent from one sampling time to 
the next. It also Indicates that the effects of sampling time were con­
sistent from one temperature to the next. 
Summary and Conclusions 
The results of the three temperature experiments hardly satisfied our 
objective of demonstrating a significant increase In amylolytlc activity 
in response to Increasing night temperatures. There are several possible 
reasons for this. Although the literature (as cited in the INTRODUCTION 
AND LITERATURE REVIEW) Is replete with descriptions of decreasing carbohy­
drate concentrations with Increasing night temperatures, it has also been 
reported that anxiolytic enzymes of different species differ In their re­
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sponse to night tenq)erature (Karbassl, 1971; Carter et al., 1974). Simi­
larly, Crookston et al. (1974) have noted that and Cg species differ In 
their responses to night temperature. Whereas photosynthetlc rates and 
growth of species following a cold-nlght treatment are decreased due to 
decreased starch hydrolysis, Cg species apparently are little affected by 
the decreased starch hydrolysis. Perhaps, as Crookston et al. (1974) sug­
gest, Cg species (e.g. soybean) are better adapted to low temperatures, 
even though many are considered to be warm-season crops. The amylases of 
soybeans may be similar to those of orchardgrass and other Cg species which 
do not Increase with Increasing night temperatures. This is suggested by 
the results I have presented; however, stage of growth and, or position of 
the trlfoliolate on the plant may have had some Influence on these results. 
El-Fouly and Garas (1974) also have reported that amylase and invertase 
activities in potato leaves were greater under cooler growing conditions 
than warm growing conditions. 
A second possible reason for not being able to demonstrate a signifi­
cant increase in amylolytlc activity with increasing night teiiq>eratures 
may be that the amount of variability among leaf sanq>les treated alike was 
too large. More replications of treatments and, or more refinement of 
techniques of enzyme extraction and incubation would probably decrease 
this variability and, perhaps, would allow detection of significant differ­
ences. Furthermore, Wildman et al. (1974) observed that the number of 
starch grains per unit area of chloroplast and their distribution within 
the chloroplast area appeared to be at random. If amylases are closely 
associated with chloroplasts, then it may also be reasonable to expect 
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random variation In the distribution of amylases within a leaf. If such 
randomness exists. It should allow leaf samples treated alike to have 
equal probabilities of containing the same amount of amylolytlc activity. 
The lack of significant increases in amylolytlc activity due to in­
creasing night temperatures also may have been related to the duration of 
the different temperature treatment periods. Normally, the plants used in 
these experiments were previously acclimated to relatively different tem­
perature conditions. The rapid change in their environment and the short 
duration of their new environment during these experiments may have not 
allowed the plants sufficient time to respond. The rapid increase or de­
crease in temperatures may have caused a decrease in the stability of the 
enzyme (Greenwood and Milne, 1968). 
The large and consistent (from one experiment to the next) decreases 
in reducing sugar concentrations with increasing night temperatures agree 
with the hypothesis that Increasing night temperatures (and, therefore, 
respiration and growth) increases the demand for soluble carbohydrates. 
However, the lack of significant increases in starch and, or sucrose hydro-
lyzlng enzymes suggests that, perhaps, the enzymes I measured were not in­
volved in supplying that increased demand. It is also possible that the 
concentration of substrate was limiting to these enzymes, thus, preventing 
a response to increasing night temperatures. The data of Upmeyer and 
Roller (1973) suggest that a build-up of starch in soybean leaves is re­
quired before rapid hydrolysis begins. Haapala (1969b) also suggested that 
a high concentration of starch could lead to induction of beta-amylase 
formation in chloroplasts of chlckweed. Unfortunately, no measurements of 
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concentrations of starch or sucrose were made during these experiments. A 
more complete description of the responses of amylases and Invertases to 
Increasing night temperatures may have been possible If these measurements 
had been made. 
Although I was unable to demonstrate a significant Increase In amylo-
lytlc activity due to Increasing night temperatures, I do not consider my 
results as unequivocal evidence. 
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CHAPTER V. MOISTURE STRESS EXPERIMENTS 
Introduction 
On the basis of the evidence presented In several of the papers cited 
In the INTRODUCTION AND LITERATURE REVIEW, it was assumed that the effects 
of high temperatures would be closely related to the effects of moisture 
stress. Several researchers have commented on the difficulty of separating 
the effects of moisture stress and increased temperatures on the metabolism 
of plants (Brown and Blaser, 1970; Hsiao, 1973; Chu et al., 1974; McCree 
and Davis, 1974). It has been reported repeatedly, however, that alpha-
amylase activities in leaves increase during periods of moderate to severe 
moisture stress (Hsiao, 1973). Since plants in the field would rarely ex­
perience high temperature stress unaccompanied by moisture stress, two ex­
periments were conducted to study the influence of moisture stress on In-
vertase and amylolytlc activities. 
Moisture Stress Experiment 1 
Materials and methods 
For Moisture Stress Experiment 1, 16 plants (8 pots; 2 plants/pot), 
which had been grown for Temperature Experiment 1 but had not received 
treatments, served as the source of experimental material. The materials 
and methods used in culturlng these plants can be found in the section de­
scribing Temperature Experiment 1. 
The 16 plants were divided into two blocks, and two treatments were 
applied at random to the plants within each of the four pots of the two 
blocks. Treatment 1 (nonstressed) consisted of watering the plants as 
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required for four days, and Treatment 2 (stressed) consisted of withholding 
water from the plants over the same time period. During the morning of 
the fifth day, the total number of nodes/plant was recorded, and two adja­
cent trifoliolates from each plant in each treatment were harvested. The 
two trifoliolates were harvested from positions toward the top of the 
plant, and each trifoliolate's position was recorded. Two (250 mg) samples 
of each trifoliolate were prepared using standard techniques. One sample 
was wrapped In aluminum foil and placed into a freezer (ca. -35 C). The 
second sample was put into a small paper bag and then placed into an oven 
(ca. 100 C) to dry. After drying for 24 hours, the samples were weighed, 
and a percent moisture value (^'^^G^^^^gkt-D^^Weight ^  iQO) was calculated 
for each sample. This value was used as an index of relative moisture 
stress for the two treatments. 
The frozen samples, subsequently, were extracted and assayed using 
standard techniques. Total and specific amylolytic activities, total and 
specific invertase activities, and protein and reducing sugar concentra­
tions were determined for each sample. A total of 32 samples were assayed, 
consisting of one sample/trifoliolate, two trifoliolates/plant, four plants/ 
•treatment, two treatments/block, and two blocks. A split-plot analysis of 
a randomized complete block design was used to evaluate the data. The 
whole plot treatments were stressed and nonstressed plants and the subplot 
treatments were trifoliolate positions. 
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Results and discussion 
Means of each variable as related to treatment and trlfollolate posi­
tion are given In Table 35 of the Appendix. Results of the analysis of 
variance and related statistics for the whole plot treatments are given In 
Table 36 of the Appendix and the sane Information for the subplot treatments 
and the Interaction term Is given In Table 37 of the Appendix. The simple 
correlation coefficients related to this experiment are given in Table 38 
of the Appendix. Figures 25, 26, and 27 are graphs of total amylolytlc 
activity, total invertase activity, and reducing sugar concentrations, 
respectively, as related to percent moisture. Each point on these graphs 
is the mean value of two trifollolates from a given plant. 
Despite an F value of 38.2 and a CV of only 7.0%, the whole plot 
treatments did not result in a statistically significant difference in 
moisture percentages. Nonstressed plants had a mean moisture percentage 
of 73.4% and stressed plants had a mean moisture percentage of 62.9%. 
Although these means were not statistically different, they were considered 
to be biologically significant. Statistically, stressed and nonstressed 
plants did not differ significantly for any of the variables measured in 
this experiment; however, because of the large amount of variability asso­
ciated with these measurements and the small number of degrees of freedom 
available for F tests, more inq)ortance was ascribed to correlation coeffi­
cients and apparent trends than to F values. Similarly, a significant 
correlation coefficient between two variables implies that a regression 
coefficient obtained from the two variables would also be significant and 
that the slope of the regression line would be different from zero (D. F. 
Cox, Statistician, ISU, 1975, personal communication). 
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Both total amylolytlc activities (Figure 25) and reducing sugar con­
centrations (Figure 27) appeared to Increase with decreasing moisture per­
centages. The correlation coefficients between total amylolytlc activity 
and percent moisture and between reducing sugar concentrations and percent 
moisture were -.693 and -.593, respectively. Both of these coefficients 
were significant at less than the 1% level of probability. Although the 
F values were not significant In either case. It would seem reasonable to 
suggest that there Is a trend for Increasing amylolytlc activity and re­
ducing sugar concentrations with decreasing moisture contents. 
No trend was apparent when total Invertase activities were plotted 
against moisture percentages (Figure 26). The correlation coefficient be­
tween total invertase activity and percent moisture was small (-.005) and 
not significant. 
As with the whole plot treatment, the subplot treatment (trifollolate 
position) was not significant for any of the variables measured in this ex­
periment. There also were no significant correlation coefficients between 
trifollolate position and any of the other variables. Apparently the two 
adjacent trlfollolates were very similar. 
In Moisture Stress Experiment 1, the amount of variability at times 
was very large. From the whole plot treatments, CVs for total amylolytlc 
activity, total Invertase activity, and reducing sugar concentrations were 
47.1%, 67.5%, and 45.9%, respectively. Measurements of percent moisture 
are also rather poor indicators of the status of the water present in leaf 
tissue. For these reasons a second moisture stress experiment was deemed 
Important. In Moisture Stress Experiment 2, the number of treatments and 
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the number of replications were increased in an attempt to decrease experi­
mental error. À pressure bomb (courtesy of Dr. H. M. Taylor, I.S.U.) also 
was used to measure water potentials of leaves harvested from various 
treatments. 
Moisture Stress Experiment 2 
Materials and methods 
For Moisture Stress Experiment 2, 12 seeds of 'Amsoy' soybeans were 
planted (December 24, 1974) in each of 20 (11.35 liter) polyethylene pots 
containing a potting mixture of 2 parts soilzl part sand (v/v). Two sam­
ples of this potting mixture were analyzed by the Iowa State University 
Soil Testing Laboratory. The mean soil pH of these samples was 7.7, and 
the mean potassium and phosphorous contents were equivalent to 146 and 40 
lbs/acre, respectively. The organic matter content was ca. 2%. The seeds 
and soil used in this experiment were not inoculated with Bhizobium japon-
icum. The plants, which emerged December 29, 1974, were periodically 
thinned until there were two plants/pot. These plants were grown in a 
greenhouse, and treatments were applied at ca. six weeks after emergence. 
During their growth, until the time of application of treatments, the 
plants received water as needed and 125 ml/pot • week of the standard nu­
trient solution (Table 20 of the Appendix). 
Supplemental lighting was provided as described in Temperature Experi­
ment 1. A photoperiod of 16 hours of light was provided by the supplemen­
tal lighting system during the entire experiment. At ca. six weeks after 
emergence, 18 plants were divided into three blocks, and three treatments 
were applied at random to the plants within each of the three pots of the 
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three blocks. Treatment 1 (nonstressed) consisted of watering the plants 
as required for four days; Treatment 2 (mild stress) consisted of withhold­
ing water from the plants for 2 days; and Treatment 3 (moderate stress) 
consisted of withholding water from the plants for 4 days. 
The procedures followed In harvesting, freezing, and drying samples 
and recording data on the afternoon of the fifth day were Identical to 
those reported for Moisture Stress Experiment 1. In addition, each trl-
follolate harvested was measured with a pressure bomb to obtain an estimate 
of its water potential. The variables subsequently measured on frozen 
samples, the procedures used to measure them, and the procedures used to 
analyze the data were also Identical to those described for Moisture Stress 
Experiment 1. 
Results and discussion 
Means of each variable as related to treatment and trlfollolate posi­
tion are given in Table 39 of the Appendix. Results of the analysis of 
variance and related statistics for the whole plot treatments (nonstressed, 
mild, and moderate stress) are given in Table 40 of the Appendix, and the 
same information for the subplot treatments and the interaction term is 
given in Table 41 of the Appendix. The simple correlation coefficients 
related to this experiment are given in Table 42 of the Appendix. Figures 
28, 29, and 30 are graphs of total amylolytic activity, total Invertase 
activity, and reducing sugar concentrations, respectively, as related to 
percent moisture. Each point on these graphs is the mean value of two tri-
foliolates from a given plant. 
Although water potential values were obtained for each trlfollolate. 
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my experience with using a pressure bomb was very limited. Since some of 
the values I obtained hardly seemed possible, and since the whole plot 
treatments did not result in a statistically significant difference in 
either water potential values or moisture percentages, the decision was 
made to present enzymatic activities and reducing sugar concentrations as 
a function of moisture percentages rather than as a function of water po­
tentials. The CVs associated with measurements of moisture percentages 
also were smaller than those associated with measurements of water poten­
tials. 
As with Moisture Stress Experiment 1, the whole plot treatments did 
not result in statistically significant differences in moisture percent­
ages. Moisture percentages resulting from Treatment 3, however, were con­
sidered to be biologically and significantly different from those resulting 
from Treatments 1 and 2. Mean moisture percentages associated with the 
3 Treatments (nonstressed, mild stress, moderate stress) were 75.6%, 73.6%, 
and 67.5%, respectively. 
In contrast to Moisture Stress Experiment 1, whole plot treatments 
did result in statistically significant differences for several of the var­
iables measured. Protein and reducing sugar concentrations increased with 
decreasing moisture percentages, whereas total and specific invertase ac­
tivities decreased with decreasing moisture percentages. According to 
Hsiao (1973), it would seem doubtful that Increases in protein synthesis 
would have occurred with Increasing moisture deficits. On the other hand, 
differences in protein and reducing sugar concentrations possibly could 
have resulted from differences in moisture percentages of fresh leaf s am-
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pies. More leaflet material, protein, total amylolytlc activity, and re­
ducing sugars may have been associated with 250 mg of mild and moderate 
stress samples than with 250 mg of nonstressed samples. 
Assuming that the changes lb moisture percentages between Treatments 
1 and 3 were brought about solely by loss of water and that there was no 
change In dry matter, then to decrease the water content from 75.6% to 
67.5% (on a fresh weight basis) 250 mg of fresh turgid leaf tissue would 
have to have lost 62.1 mg water, which Is ca. 32.8% of Its original water 
content (Curtis and Clark, 1950). The calculations Involved In arriving 
at this value are as follows: (1) using the formula 
then a moisture percentage of 75.6% • ^^ 250^mg of % " *1 dry weight; 
(2) assuming no change In dry matter, then a moisture percentage of 67.5% 
• ^ ^  , or X • 188 mg fresh weight; (3) the water content of Treatment 
1 = 75.6% (250 mg) " 189 mg water/250 mg tissue; (4) the water content of 
Treatment 3 = 127 mg water/188 mg tissue; (5) therefore. Treatment 1 would 
have to have lost 189 - 127 - 62 mg water or ca. 32.8% of Its original 
water content. 
Although Treatment 3 had ca. 38% more total amylolytlc activity, ca. 
40% more reducing sugars, and ca. 39% more protein than Treatment 1, it 
would seem likely that these differences were associated with differences 
in the amount of leaflet material contained in the two samples, rather than 
with differences In response to stressed and nonstressed conditions. 
Despite Increased protein concentrations, total Invertase activity 
(Figure 29) decreased with decreasing moisture percentages. Apparently 
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the invertase proportion, of the total protein complement was not increased 
by increasing protein concentrations, or by increasing moisture stress. 
Decreased specific Invertase activities probably resulted from decreased 
total invertase activities and concurrently Increased protein concentra­
tions. These results suggest that invertase activities decrease with in­
creasing moisture stress. Cothren and Stutte (1973) reported that sucrose 
percentages increased, whereas glucose and fructose percentages decreased 
with moisture stressed plants. Their data also imply that invertase activ­
ities decrease with Increasing moisture stress. The mean values plotted 
in Figures 26 and 29 illustrate, however, that definite conclusions con­
cerning total invertase activities are not possible from Moisture Stress 
Experiments 1 and 2. 
Both total amylolytic activities (Figure 28) and reducing sugar con­
centrations (Figure 30) appeared to increase with decreasing moisture per­
centages. The correlation coefficients between total amylolytic activity 
and percent moisture and between reducing sugar concentrations and percent 
moisture were -.496 and -.725, respectively. Both of these coefficients 
were significant at less than the 1% level of probability. The Figures 
and the correlation coefficients indicate that amylolytic activities and 
reducing sugar concentrations increase with Increasing moisture stress. 
Differences In protein and reducing sugar concentrations may have re­
sulted from differences in weighing samples of different moisture contents; 
the same situation appears to be likely for amylolytic activities. Unlike 
invertase, however, the amylase proportion of the total protein complement, 
apparently, remained constant with increasing protein concentrations and 
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with Increasing moisture stress. Total amylolytlc activity, but not spe­
cific amylolytic activity, was significantly and positively correlated 
with protein concentrations. This indicates that increased total amylo­
lytic activity was associated merely with increased protein concentrations. 
The results do not suggest a preferential synthesis or activation of amylo­
lytlc enzymes due to increasing moisture stress. Alexander et al. (1972) 
reported that beta-amylase of sugar cane plants remained constant in water 
stressed plants, whereas Invertase activities decreased with water defi­
cits. As with the Temperature Experiments, a more complete description of 
the responses of amylases and invertases to increasing moisture stress may 
have been possible if measurements of the concentrations of substrates also 
had bien obtained. The increased concentration of reducing sugars could 
have been due to a decrease in utilization rather than to an Increase in 
starch and, or sucrose hydrolysis (Hsiao, 1973; Brown and Blaser, 1970). 
The subplot treatment (trifollolate position) was significant only 
for total amylolytic activity and reducing sugar concentrations. Whereas 
total amylolytic activity was greater in the upper trifollolate (position 
2), reducing sugar concentrations were greater in the lower trifollolate 
(position 1). Although the differences were not statistically significant, 
protein concentrations were also greater in the upper trifoliolates, which 
could explain the increased amylolytic activities found in those trifollo-
lates. The higher concentration of reducing sugars in lower trifoliolates 
may Indicate that there was more resistance to water loss in lower trifo-
liolates than in upper trifoliolates. Increasing the concentration of re­
ducing sugars could have Increased the osmotic potential and restricted 
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water loss to a greater extent in lower trifoliolates. These results are 
somewhat similar to those observed by Stevenson and Shaw (1971). They re­
ported that by measuring leaf resistance to water vapor diffusion they 
found more resistance to water loss in leaves in the middle of the canopy 
than in leaves toward the top of the canopy. Perhaps the differences in 
resistances were related to osmotic potentials and concentrations of re­
ducing sugars. 
Summary and Conclusions 
Statistically, there was fairly good agreement between Moisture Stress 
Experiments 1 and 2, but any conclusions concerning the effects of moisture 
stress on amylolytic and invertase activities can only be speculative. It 
may be that the stresses imposed during these experiments were not severe 
enough to produce large differences in enzymatic activities. This does not 
seem likely, however, since differences in moisture percentages of ca. 10% 
were observed in both experiments. It is possible that photosynthesis and 
translocation were curtailed by the stresses imposed and led to decreased 
substrate concentrations and decreased enzyme activities. The inability to 
demonstrate consistent differences in enzymatic activities also was possi­
bly related to experimental error and to the small number of degrees of 
freedom available for tests of significance. More importance, perhaps, 
should be ascribed to correlation coefficients and apparent trend's rather 
than to F values. Even with this in mind, it can only be suggested that 
total amylolytic activities and reducing sugar concentrations appeared to 
increase with Increasing moisture stress. Total invertase activities, 
however, indicated no apparent trend in Moisture Stress Experiment 1, but 
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appeared to decrease with Increasing moisture stress In Moisture Stress 
Experiment 2. Any further speculation seems unwarranted. 
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CHAPTER VI. GENOTYPIC DIFFERENCES IN RATES OF INTERNODE 
ELONGATION AND AMÏLOLYTIC ACTIVITIES 
Introduction 
One of the primary goals of the research Involved In this thesis was 
to Identify genotypes which differed in rates of Internode elongation, 
assuming that genotypes which differed in rates of Internode elongation 
would also differ in levels of endogenous GAs, responses to high tempera­
tures, and starch hydrolyzlng capacities. Genotypes having slower rates of 
internode elongation presumably would have less starch hydrolyzlng capacity 
and would exhibit less competition between vegetative and reproductive 
structures. If such genotypes could be identified, then it could be possi­
ble to introduce them into breeding programs designed to increase the effi­
ciency of carbohydrate utilization in soybeans. 
As mentioned in the INTRODUCTION AND LITERATURE REVIEW, exogenous 
applications of GA to soybeans have been reported to Increase apical domi­
nance, decrease stem diameter, increase starch hydrolyzlng activity, and 
increase Internode elongation, whereas exogenous applications of inhibitors 
of GA biosynthesis have been reported to decrease apical dominance and 
internode elongation. An attempt to measure levels of GA in a large number 
of genotypes, however, is not feasible. A more reasonable approach to 
identifying genotypes which differ in levels of endogenous GAs may be to 
compare rates of Internode elongation and amylolytlc activities among sev­
eral genotypes. It would seem reasonable to suspect that genotypes which, 
during their normal growth, exhibit characteristics similar to the results 
of applying exogenous GA may contain high levels of endogenous GA. 
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Internode Elongation Experiments 1 to 4 
The growth retardant, AMO-1618, Is known to decrease Internode elonga­
tion and vegetative growth by inhibiting the biosynthesis of GA (Dennis et 
al.; 1965). By applying AMO-1618 and, thereby, inhibiting GA biosynthesis, 
any rapid growth within a few weeks after applying the retardant should re­
sult from the endogenous level of GA existing in the plant prior to inhibi­
tion of GA biosynthesis. AMO-1618 does not interfere with the action of 
GA (Lang, 1970). By measuring rates of internode elongation and the appear­
ance of new nodes after applying AMO-1618, genotypes presumably could be 
selected which contained high and low levels of endogenous GA. This pro­
cedure served as a technique for screening ca. 100 soybean genotypes of 
diverse origins, growth habits, and maturities. 
Materials and methods 
Since all of the genotypes could not be evaluated simultaneously, a 
series of four similar experiments were conducted from January to August 
during 1973. Several plants of each of several genotypes were grown for 
each experiment. At the time of application of treatments, most genotypes 
had developed 4 to 6 nodes, and the plants of each genotype were divided 
into two groups. One group of plants of each genotype received a spray 
application of an aqueous solution 500 ppm in AMO-1618 (Cal Blochem.). The 
second group of plants received a spray application of distilled water. 
Just prior to spraying and at selected intervals for two to four weeks 
after application of treatments, the total number of nodes/plant and plant 
heights were recorded for each genotype. 
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Results and discussion 
An average Intemode length was calculated by dividing plant height 
by the total number of nodes/plant. Comparisons were first made within 
each genotype between plants which had received the growth retardant and 
those which had not. Genotypes which exhibited high rates of growth with 
and without AMO-1618 were assumed to have high levels of endogenous GA, 
whereas genotypes which exhibited low rates of growth with and without 
AMO-1618 were assumed to have low levels of endogenous GA. 
From these four experiments, 12 genotypes were selected. Four of 
these were thought to contain high levels of endogenous GAs, four were 
thought to contain low levels of endogenous GAs, and four were considered 
Intermediate In their levels of endogenous GAs. These 12 genotypes served 
as the experimental material for Intemode Elongation Experiment 5, In 
which comparisons of rates of Intemode elongation and amylolytlc activi­
ties among genotypes were planned. 
Intemode Elongation Experiment 5 
Materials and methods 
In designing this experiment, several objectives were outlined ini­
tially. The original plans included; (1) obtaining measurements of sever­
al vegetative and reproductive characters at two week intervals throughout 
the growing season for each genotype; and (2) obtaining measurements of 
enzyme activities, and protein and reducing sugar concentrations from two 
trifoliolates of each of six plants of each genotype at monthly Intervals 
for four months. With these objectives in mind, the original experiment 
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was designed to consist of three blocks. Four dates of harvest were ran­
domized within each block, and the 12 genotypes were randomized within 
each date of harvest. 
Approximately 12 seeds/pot of each genotype were planted on May 1, 
1974. Twelve (11.35 liter) polyethylene pots, containing a potting mixture 
of 2 parts soll:l part sand:l part peat (v/v), were used for each genotype. 
Two samples of this potting mixture were analyzed by the Iowa State Univer­
sity Soil Testing Laboratory. The mean soil pH of these two samples was 
7.1, and the mean potassium and phosphorous contents were equivalent to 
290 and 47 lbs/acre, respectively. The organic matter content was ca. 6.5%. 
Additional pots were planted with 'Amsoy' soybeans to serve as border rows. 
The seeds and soil used in this experiment were not inoculated with Rhizo-
bium japonicum. 
The plants of all genotypes had emerged by May 6, and they were peri­
odically thinned until there were two plants/pot. During their growth, the 
plants received water as needed and 125 ml/pot of the standard nutrient 
solution at two week intervals. These plants were grown in a greenhouse, 
without supplemental lighting, until May 21, 1974, when they were moved 
outside in an effort to simulate field conditions. 
On May 15, May 29, and June 12, the total number of nodes/plant and 
total plant heights were recorded for all of the experimental material. 
In addition to these measurements, the total number of primary lateral 
branches/plant and the total number of flowers/plant were also recorded 
for all of the experimental material on June 12. June 12 was also the 
first date for harvesting trifoliolates for measurements of enzyme activi­
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ties and protein and reducing sugar concentrations. From the material 
assigned to harvest date 1, two adjacent trlfollolates were harvested from 
each plant of each genotype In each of the three blocks. Each trlfollo-
late's position on the plant was recorded, and then it was wrapped In alu­
minum foil, placed Into an Ice chest, and transferred to the lab, where 
one (250 mg) sample/trlfollolate was prepared using standard techniques. 
Each sample was then placed Into a freezer (ca. -35 C) until It could be 
extracted and assayed. 
Unfortunately, a violent thunderstorm, which Included golf-ball size 
hall stones, occurred approximately one week later and completely ruined 
most of the plants. As a result, the experiment was terminated. Suffi­
cient data had been collected, however, to allow comparisons of average 
Internode lengths and enzymatic activities among genotypes. The leaf sam­
ples collected on June 12 were subsequently extracted and assayed using 
standard techniques. Total and specific amylolytlc activities, total and 
specific Invertase activities, and protein and reducing sugar concentra­
tions were determined for each sample. A total of 12 samples were assayed 
for each genotype, from 2 trlfollolates/plant, 2 plants/block, and 3 
blocks. 
Results and discussion 
A split plot analysis of a randomized complete block design was used 
to evaluate both the vegetative data (total number of nodes/plant, plant 
height, and average Internode lengths) and the enzymatic activities and 
protein and reducing sugar concentrations data. The sources of variation, 
however, were different for the two analyses. For both analyses, the 
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whole plot treatments were genotypes. For the vegetative data, the subplot 
treatments were dates, whereas for the enzymatic activities and protein 
and reducing sugar concentrations, the subplot treatments were trlfoliolate 
positions, since only one date of harvest had been possible. 
The mean total number of nodes/plant, plant heights, and average In-
temode lengths for each genotype on June 12 are given in Table 2. Results 
of the analysis of variance and related statistics for the whole plot 
treatments are given in Table 43 of the Appendix, and the same information 
for the subplot treatments and the interaction term is given in Table 44 
of the Appendix. No correlation coefficients were computed for this set 
of data. 
Although there wefe highly significant differences for all three var­
iables, the one of most interest to these studies is average intemode 
length. It is interesting, however, that ranking genotypes for plant 
height results in the same order as does ranking genotypes for average in­
temode lengths. These data are presented primarily to emphasize that 
genotyplc differences did exist and will be referred to later in relation 
to genotyplc differences in amylolytic activities. 
Mean total and specific amylolytic activities, total and specific In-
vertase activities, and protein and reducing sugar concentrations for each 
genotype are presented in Table 3. Results of the analysis of variance 
and related statistics for the whole plot treatments are given in Table 45 
of the Appendix, and the same information for the subplot treatments and 
the interaction term Is given in Table 46 of the Appendix. The simple 
correlation coefficients related to this set of data are given in Table 47 
Table 2. Mean total number of nodes/plant, plant heights, and average internode lengths of each 
genotype on June 12, 1974 - Internode Elongation Experiment 5 
Genotype 
Total number of 
nodes/plant® 
Plant height, 
cm 
Average internode 
length, cm 
Maturity 
group 
PI 194.624 9 35.2 4.00 00 
PI 151.249 9 30.4 3.23 00 
PI 153.203 10 30.7 3.20 00 
PI 132.217 9 27.8 3.03 00 
Comet 9 26.8 3.03 0 
Flambeau 9 24.6 2.76 00 
Lincoln 8 22.3 2.63 III 
Mingo 8 21.8 2.60 III 
Capital 9 21.7 2.43 0 
Perry 8 19.6 2.30 IV 
Chief 9 19.1 2.20 IV 
Midwest 9 17.8 2.03 IV 
®Each value in the Table is the mean of 6 plants. 
Table 3. Mean total and specific amylolytlc activities, total and specific Invertase activities, 
and protein and reducing sugar concentrations for each genotype - Internode Elongation 
Experiment 5 
Genotype T. amylase* Protein S. amylase T. Invertase S. Invertase R. sugar 
PI 194.624 487.2 18.5 26.2 58.3 3.28 10.65 
PI 151.249 207.9 15.8 13.3 41.3 2.65 8.14 
PI 153.203 255.8 17.1 15.8 44.0 2.62 7.45 
PI 132.217 307.1 17.7 18.1 44.6 2.59 9.55 
Comet 216.6 18.2 12.5 61.9 3.52 7.78 
Flambeau 354.9 17.1 21.8 50.9 3.08 8.82 
Lincoln 324.2 17.9 18.7 48.9 2.76 8.00 
Mingo 300.0 20.1 15.5 60.6 3.15 8.27 
Capital 387.3 17.2 23.2 57.4 3.46 7.66 
Perry 137.3 14.6 9.4 47.2 3.28 8.04 
Chief 192.6 15.3 13.7 49.7 3.49 8.15 
Midwest 263.0 16.3 17.0 50.1 3.14 8.80 
*Eàch value In the Table Is the mean of 12 samples/genotype. 
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of the Appendix. 
Although there were significant differences among genotypes In total 
and specific amylolytlc activities, and although there were significant 
effects of the subplot treatment (trlfollolate position) on several varia­
bles, the primary objective of this experiment was to compare amylolytlc 
activities and average internode lengths among genotypes. For this reason 
and for the sake of brevity, only comparisons of amylolytlc activities and 
average internode lengths among genotypes will be discussed in detail. 
Genotypes did differ in total and specific amylolytlc activities. 
Peterson et al. (1973) also reported that there were significant differ­
ences among genotypes for specific amylolytlc activities in maize. The 
relationship between plant height (which from the data given in Table 2 
would be expected to be highly, positively correlated with average inter­
node length) and amylolytlc activities, however, was not encouraging. Al­
though the correlation coefficient (.320) between plant height and total 
amylolytlc activity was significant at the 1% level of probability, the 
coefficient of determination is only ca. 10%. There would seem to be 
little evidence to suggest that genotypic differences in amylolytlc activ­
ities in leaves are highly related to genotypic differences in internode 
lengths. 
The lack of a strong relationship between amylolytlc activity and in­
ternode elongation could have been due to measuring amylolytlc activities 
in the wrong tissues. Nanda and Dhindsa (1968) observed that soybean In-
ternodes which showed the maximum elongation also exhibited the maximum 
starch hydrolyzing activity. Evidently, Internodes themselves contain 
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amylase enzymes. Perhaps a better relationship between rates of Internode 
elongation and amylolytlc activity could be obtained by assaying amylases 
from internode tissue rather than by assaying amylases from leaf tissue. 
As mentioned in the INTRODUCTION AND LITERATURE REVIEW, a large amount of 
carbohydrate accumulates in stems during the growth of soybean plants. It 
may be more beneficial, therefore, to study amylolytlc activities in inter-
nodes themselves in attempting to establish a relationship between amylo­
lytlc activity and internode elongation. 
Plant height, and presumably average internode length, were probably 
more closely related to stage of plant development or maturity than to any 
of the other variables measured in this experiment. Assuming that the 
total number of flowers/plant is an index of relative maturity, then matur­
ity would appear to be closely related to average Internode length. The 
correlation coefficient between the total number of flowers/plant and 
plant height was .694. This correlation coefficient gives a coefficient 
of determination of ca. 48%, which is almost five times larger than the 
one associated with amylolytlc activity and plant height. The possible 
relationship between maturity and average internode length is also sug­
gested by the data in Table 2. Genotypes which matured earlier had larger 
average internode lengths, with the exception of 'Capital', than those 
which matured later in the season. 
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Summary and Conclusions 
In conclusion, although there were genotypic differences in amylolytic 
activities, these differences did not appear to be related to genotypic 
differences in intemode lengths. Any further research in this area might 
possibly benefit by measuring amylolytic activities of intemodes them­
selves rather than by measuring amylolytic activities of leaves and by 
comparing genotypes within a given maturity group rather than by comparing 
genotypes from several maturity groups. 
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APPENDIX 
Table 1. Means and analysis of variance for total amylolytlc activity 
extraction buffer pH profile. 
Extraction buffer pH^ 
4.0 4.5 5.0 5.5 6.0(A) 
Mean total 
amylolytlc activity, 535.0 766.2 871.6 902.8 887.2 
mg maltose/g leaf * hr 
ANOVA 
Source df MS 
Treatments 12 43,787.93 
Error 26 13,957.41 
Corrected total 38 
*The following buffers were used for pHs 4.0-6.0, 6.0-8.0, and 8.0-
9.0, respectively: sodium-acetate (A), potassium phosphate (P), and Tris 
HCl (T). 
The letters ns and the symbols and will be used throughout the 
Appendix to indicate not significant and significant at 5% and 1% levels 
of probability, respectively. 
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Extraction buffer pH 
6.0(P) 6.5 7.0 7.5 8.0(P) 8.0(T) 8.5 9.0 
980.2 886.8 924.8 914.2 875.6 1,016.1 891.4 981.2 
ANOVA 
F X lsd(.05) Cy 
3.1* 879.9 
198.3 13.4% 
Table 2. Means and analysis of variance for specific amylolytic activity-
extraction buffer pH profile. 
Extraction buffer pH® 
4.0 4.5 5.0 5.5 6.0(A) 
Mean specific 
amylolytic activity, mg 274.5 93.2 30.3 24.7 22.8 
maltose/mg protein * hr 
ANOVA 
Source df MS 
Treatments 12 14,918.79 
Error 26 4,592.05 
Corrected total 38 
*See footnote in Table 1. 
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Extraction buffer pH 
6.0(P) 6.5 7.0 7.5 8.0(P) 8.0(T) 8.5 9.0 
23.8 21.8 24.3 25.8 21.3 24.6 20.6 25.3 
ANOVA 
3.2* 48.7 
l8d(.05) CV 
113.8 139.1% 
Table 3. Means and analysis of variance for protein concentrations-
extraction buffer pH profile. 
Extraction buffer pH® 
4.0 4.5 5.0 5.5 6.0(A) 
Mean protein 
concentration 3.2 9.8 28.6 36.7 39.1 
mg protein/g leaf 
ANOVA 
Source df MS 
Treatments 12 483.95 
Error 26 15.63 
Corrected total 38 
*See footnote in Table 1. 
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Extraction buffer pH 
6.0(P) 6.5 7.0 7.5 8.0(P) 8.0(T) 8.5 9.0 
41.1 40.7 38.2 35.6 41.7 41.6 43.2 39.3 
ANOVA 
lsd(.05) CV 
** 
30.9 33.8 
6.6 11.7% 
Table 4. Means and analysis of variance for total amylolytlc activity-
Incubation buffer pH profile. 
Incubation buffer pH^ 
4.0 4.5 5.0 5.5 6.0(A) 
162.3 171.6 168.6 210.0 196.5 
ANOVA 
Source df MS 
Treatments 12 3,553.92 
Error 13 231.92 
Corrected total 25 
Mean total 
amylolytlc activity, 
mg maltose/g leaf * hr 
*See footnote in Table 1. 
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Incubation buffer pH 
6.0(P) 6.5 7.0 7.5 8.0(P) 8.0(T) 8.5 9.0 
215.4 204.9 186.9 170.4 138.0 153.3 96.9 75.0 
ANOVA 
l8d(.05) CV 
15.3** 165.4 
32.9 9.2% 
Table 5. Means and regression analysis-storage of fresh leaf samples^. 
Hours of storage 
0 2 4 6 8 10 Overall X CV 
Mean total 
amylolytlc activity, 208.8 212.4 192.0 221.2 241.6 234.0 218.3 53.8 8.2% 
mg maltose/g leaf * hr 
ANOVA 
Source df MS F 6 Sb 
Regression 1 842.16 4.4*3 3.47 1.66 
Residual 4 193.09 
Corrected total 5 
Values are the means of three subsample assays of one leaf sample at each respective time. 
The three statistics included were calculated from the population of the six means. 
Table 6. Means and regression analysis - storage of a 10-fold dilution*. 
Hours of storage 
0 2 4 6 8 10 Overall X S- CV 
Mean total 
amylolytic activity, 208.8 228.4 243.2 220.8 220.4 240.4 227.0 5.3 5.8% 
mg maltose/g leaf * hr 
ANOVA 
Source df MS F 6 Sb 
Regression 1 177.9 1.05"® 1.59 1.58 
Residual 4 169.8 
Corrected total 5 
^Values are the means of three subsample assays of the same diluted enzyme sample at each 
respective time. The three statistics included were calculated from the population of the six means. 
Table 7. Means and analysis of variance - effect of storing fivefold dilutions of enzyme 
extracts at ca. 4 C for 28 days. 
Days after initial assay* 
14 21 28 
Mean total 
amylolytic activity, 865.2 902.9 886.9 846.8 853.01 
mg maltose/g leaf • hr 
ANOVA 
Source df MS F lsd(.05) CV 
Dates 4 1,568.05 .32*3 7.9% 
Error 9 4,820.34 128.22 
Corrected total 13 
*Each value is the mean of three replicate leaf samples. 
Table 8. Regression analysis - storage of fivefold dilutions. 
ANOVA 
Source df MS F 
Regression 1 647.7 1.24"® -1.15 1.03 
Residual 3 521.9 
Corrected total 4 
Table 9. Means, analysis of variance, and related statistics - storage of frozen leaf samples. 
Days after freezing* 
13 19 26 33 
Mean total 
amylolytic activity, 865.2 889.8 842.8 803.6 860.2 938.7 845.8 929.1 
Dg maltose/g leaf * hr 
- ; 
ANOVA 
Source df MS F l8d(.05) CV 
Dates 7 6,178.3 1.21*8 123.3 8.2% 
Error 16 5,076.5 
Corrected total 23 
• 
*Each value is the mean of three replicate leaf samples. 
Table 10. Means, analysis of variance, and related statistics - Inclusion of soluble PVP In the 
extraction buffer - PVP Experiment 2. 
Concentration of PVP, %(w/v) 
0 0.5 1 2 3 4 
Mean total 
amylolytlc activity, 361.8 411.6 447.0 477.1 422.4 495.6 
mg maltose/g leaf * hr 
ANOVA 
Source df MS F lsd(.05) CV 
Treatments 5 4,659.33 2.4"® 
Error 6 1,927.60 107.4 10.1% 
Corrected total 11 
Table 11. Means, Fs, Isds, and CVs for each of the three experiments Involving soluble FVP. 
PVP 
experiment 
Concentration of PVP, Z(w/v) 
0.5 1 2 3 
1 384.6 577.2 579.0 480.0 495.0 603.0 
Mean total 
2 anxiolytic activity, 361.8 411.6 447.0 477.1 422.4 495.6 
mg maltose/g leaf ° hr 
3 277.2 343.2 360.0 360.0 390.0 342.0 
^ F lad CV 
experiment 
1 8.8** 96.6 7.6% 
2 2.4** 107.4 10.1% 
3 1.4®® 109.2 12.9% 
Table 12. Analysis of variance and related statistics for total amylolytlc activity as 
Influenced by leaf sample size and level of Polyclar AT - PVP Experiment 5. 
Source df MS F IsdC.OS) CV 
Blocks 2 644.88 
Leaf sample size (LSS) 1 2922.51 4.1"® 
Error A 2 705.94 
6.2** 
41.7 11.0% 
Level of Polyclar AT (PVP) 4 8733.27 
LSS X PVP 4 654.27 0.4": 
Error B 16 1403.75 45.6 15.6% 
Corrected total 29 2263.25 
Table 13. Analysis of variance and related statistics for specific amylolytlc activity as 
influenced by leaf sample size and level of Polyclar AT - FVP Experiment 5. 
Source df MS F l8d(.05) CV 
Blocks 2 1.21 
Leaf sample size (LSS) 1 36.30 11.5°° 
Error A 2 3.16 2.8 25.8% 
Level of Polyclar AT (PVP) 4 2.10 1.2*^ 
LSS X PVP 4 2.99 1.7** 
Error B 16 1.76 1.6 19.3% 
Corrected total 29 3.23 
Table 14. Analysis of variance and related statistics for protein concentrations as Influenced 
by leaf sample size and level of Polyclar AT - FVP Experiment 5. 
Source df MS F lsd(.05) CV 
Blocks 
Leaf sample size <LSS) 
Error A 
Level of Polyclar AT (PVP) 
LSS X PVP 
Error B 
Corrected total 
2 
1 
2 
4 
4 
16 
29 
97.99 
612.91 
34.20 
588.54 
84.99 
32.35 
141.00 
17.9* 
18.2** 
2.6"* 
9.20 
6.96 
15.8% 
15.4% 
Table 15. Simple correlation coefficients between variables measured In PVP Experiment 5. 
Leaf 
sample 
size 
Level of 
Polyclar AT 
Total 
amylolytlc 
activity 
Specific 
amylolytlc 
activity 
Protein 
concentration 
Leaf sample size 
Level of Polyclar AT 
Total amylolytlc activity 
Specific amylolytlc activity 
Protein concentration 
.211 
.664* 
** 
.622 
-.289 
.267 
** 
-.387 
.719* 
.437' 
-.705* 
.** 
.** 
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Table 16. Mean total amylolytlc activity as related to duration of 
homogenizat ion. 
Duration of homogenization. seconds 
30 60 120 
Mean total amylolytlc activity 
mg maltose/g leaf * hr 374.3 376.3 336.3 
CV 9.6% 11.9% 14.9% 
ANOVA 
Source df MS F lsd(.05) CV 
Treatments 2 1524.0 .78"® 
Error 6 1935.0 87.9 12.1% 
Corrected total 8 
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Table 17. Means, analyses of variance and related statistics -
Triton X-100 Experiment 1. 
Dilution 
factor 
Mean total amylolytlc activity, 
mg maltose/g leaf hr 
Treatment 
2 
5 270.8 281.3 278.0 
20 200.1 237.5 278.0 
Dilution 
factor 
20 
AN0VÂ 
Source df MS F lsd(.05) CV 
:::: 
19.9 4.2% 
35.7 8.7% 
Blocks 3 44.48 
Treatments 2 115.32 
Error 6 132.92 
Corrected total 11 
Blocks 3 2770.72 
Treatments 2 6079.30 
Error 6 426.44 
Corrected total 11 
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Table 18. Means, analyses of variance and related statistics -
Triton X-100 Experiment 2. 
Dilution 
factor 
Mean total amylolytlc activity, 
mg maltose/g leaf • hr 
Treatment 
2 
5 496.4 600.6 638.2 
20 379.5 384.0 426.8 
ANOVA 
Dilution 
factor 
Source df MS F IsdC.OS) CV 
20 
Blocks 3 10,649.00 
Treatments 2 21,578.25 
Error 6 2,308.25 
Corrected total 11 
Blocks 3 12,704.75 
Treatments 2 2,720.25 
Error 6 952.25 
Corrected total 11 
4.6"® 
9.3 
13.3** 
2.9ns 
83.1 8.3% 
53.4 7.8% 
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Table 19. Means, analyses of variance and related statistics -
Triton X-100 Experiment 3. 
Dilution 
factor 
Mean total amylolytlc activity, 
mg maltose/g leaf * hr 
Treatment 
5 454.4 469.4 503.9 
20 399.0 425.2 537.0 
ANOVÂ 
"factir Source df MS F lsd(.05) CV 
20 
Blocks 3 1,069.44 
Treatments 2 2,576.29 
Error 6 6,038.86 
Corrected total 11 
Blocks 3 2,234.75 
Treatments 2 21,480.75 
Error 6 266.75 
Corrected total 11 
:lP 
134.5 16.3% 
sois" 
28.3 3.6% 
Table 20. Standard nutrient solution*'^. 
Compound Mol. wt. 
Cone, of stock 
solution 
M g/liter 
MgSO^ • 7H2O 246.49 1.00 246.49 
KH2PO4 136.10 1.00 136.10 
CaiHgPO^lg 234.08 0.01 2.34 
KCl 74.55 0.05 3.73 
H3BO3 61.84 25 1.55 
MnSO^ • HgO 169.01 2.00 0.34 
ZnSO^ * THgO 287.55 2.00 0.58 
CuSO^ 159.60 0.50 0.08 
H2MbO^(85% M0O3) 161.97 0.50 0.08 
CoClg • 6H2O 237.80 0.25 0.06 
Sequestrene 
138 Fe(10% Fe) 
10% Fe 17.90 1.00 
KNO3 101.10 1.00 101.10 
^Adapted from Epstein (1972), Hoagland and Arnon (1950), and 
Hatfield et al. (1974). 
^Final solution has a pH of ca. 6.0-6.5. 
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Vol.(ml) of stock Final conc. 
solution per 1 of Element of element 
final solution pM ppm 
2.0 S 2,000 64 
Mg 2,000 48 
1.0 K 1,000 39 
P 1,000 31 
100 Ca 1,000 40 
P 2,000 124 
1.0 CI 50 1.77 
1.0 B 25 0.27 
1.0 Mn 2.0 0.11 
1.0 Zn 2.0 0.13 
1.0 Cu 0.5 0.079 
1.0 Mb 0.5 0.05 
1.0 Co 0.25 0.02 
1.0 Fe 17.90 1.00 
6.0 N 16,000 224 
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Table 21. Means of variables measured in Temperature Experiment 1. 
Temperature, "C 
Mean 
4 16 27 35 
T. amylase 528.5 560.4 466.5 603.6 
Protein 28.0 28.7 29.6 26.5 
S. amylase 20.4 21.2 16.8 23.2 
T. invertase 114.4 103.2 75.7 46.2 
S. invertase 4.4 3.9 2.7 1.8 
R. sugar 3.5 2.1 1.8 1.7 
^The abbreviations used here also are used throughout the remainder 
of the Appendix: T. amylase » total amylolytic activity = mg maltose/g 
leaf • hr; Protein •= mg protein/g leaf; S. amylase = specific amylolytic 
activity " mg maltose/mg protein • hr; T. invertase = total invertase 
activity = mg glucose/g leaf • hr; S. invertase » specific invertase activ­
ity - mg glucose/mg protein ' hr; R. sugar • reducing sugar concentrations 
« mg glucose/g leaf. 
Table 22. Results of regression analyses for variables measured in Temperature Experiment 1. 
variable X B "fr'gVo =b ™ 
o 
T. amylase 542.6 7.5 0.47** 15.87 .002 34.8% 
S. amylase 20.4 0.4 0.62*9 0.66 .003 38.6% 
T. invertase 85.6 -22.9 -11.81** 1.93 .559 26.9% 
S. invertase 3.2 - 0.8 - 9.51** 0.09 .451 34.7% 
R. sugar 2.2 - 0.5 - 5.48** 0.09 .214 50.6% 
Table 23. Simple correlation coefficients for variables measured In Temperature Experiment 1. 
T. amy- _ . S. «uny- T. In- S. In- ^ Temper- Trlfollolate 
lase o e n lase vertase vertase * ature position 
T. amylase .037 .661** .153 .126 .173* .078 —. 086 
Protein - -.523** .197* -.351** .359** — .048 - 519 
S. amylase - .049 .418** .031 .059 -.382** 
T. invertase - .792** .457** -.753** -.023 
S. Invertase - .227* -.671** -.321** 
R. sugar - -.477** .198 
Temperature - 0 
Trlfollolate 
position 
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Table 24. Analysis of variance for the effect of trlfollolate position -
Temperature Experiment 1. 
ANOVA 
Variable 
Source* df MS F CV 
T. amylase P 
T X P 
1 
3 
33.475.8 
65.576.9 .51°® 25.9% 
Protein P 
T X P 
1 
3 
2,308.7 
47.4 48.6 ** 28.2% 
S. amylase P 
T X P 
1 
3 
1,004.5 
69.7 14.4 * 26.3% 
T. Invertase P 
T X P 
1 
3 
79.2 
812.4 .10** 22.4% 
S. Invertase P 
T X P 
1 
3 
25.6 
3.8 6.8 ** 25.3% 
R. sugar P 
T X P 
1 
3 
8.2 
9.9 .83°° 38.1% 
*P " trlfollolate position; T • temperature. 
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Table 25. Means of variables measured In Temperature Experiment 2 -
Night 1. 
Mean 
Hours after beginning 32 C night 
0 2 4 6 8 
T. amylase 277.5 332.6 290.1 224.0 324.0 
Protein 26.1 32.2 19.5 21.8 24.6 
S. amylase 10.8 10.4 15.7 10.4 13.2 
T. Invertase 84.9 66.9 69.9 68.0 61.5 
S. Invertase 3.3 2.2 3.6 3.1 2.5 
R. sugar 4.5 4.6 1.8 2.8 1.9 
Table 26. Means of variables measured In Temperature Experiment 2 - Night 2. 
Hours after beginning 32 C night 
Mean 
0 .25 .50 1 2 4 8 
T. amylase 292.8 228.9 341.5 322.0 284.5 263.1 214.3 
Protein 30.2 32.4 25.9 30.0 21.8 25.9 26.6 
S. amylase 9.8 7.1 13.6 11.4 13.3 10.6 8.9 
T. Invertase 175.6 150.1 105.8 139.6 165.1 152.4 169.6 
S. Invertase 5.8 4.7 4.2 4.7 7.7 5.9 6.6 
R. sugar 10.8 7.6 6.9 6.1 4.8 4.8 5.1 
Table 27. Results of regression analyses for variables measured in Temperature Experiment 2 -
Night 1. 
Variable X B 
Student^s t 
for H^:B • 0 Sb 
R* CV 
T. amylase 
Protein 
S. amylase 
T. invertase 
S. invertase 
R. sugar 
289.6 
24.8 
12.1 
70.2 
2.9 
3.1 
-1.58 
- .49 
.09 
-1.85 
- .04 
- .27 
- .24** 
-1.31*9 
.26": 
-2.64* 
- .83** 
-3.08** 
6.582 
.372 
.348 
.702 
.045 
.089 
.003 
.087 
.004 
.279 
.037 
.344 
31.2% 
20.6% 
39.6% 
13.7% 
21.3% 
39.1% 
Table 28. Results of regression analyses for variables measured In Temperature Experiment 2 -
Night 2. 
Variable X 6 
S t u d e n t t  
for • 0 Sb R* CV 
T. amylase 278.1 -9.93 -1.69*9 5.876 .099 29.8% 
Protein 27.5 — .46 -1.22** .376 .054 19.3% 
S. amylase 10.7 — «16 - .53"® .303 .011 40.1% 
T. Invertase 151.2 2.92 1.34"® 2.165 .065 20.2% 
S. Invertase 5.7 .22 2.17* .102 .154 25.5% 
R. sugar 6.6 — . 46 -3.17** .144 .278 31.0% 
Table 29. Simple correlation coefficients for variable» measured In Temperature Experiment 2 -
Night 1. 
Tim» ".:r 
Time - -.528* -.295 -.191 -.057 .061 -.692** 0 
T. Invertase - .162 .498* -.128 -.238 .358 .081 
Protein - -.744** .194 -.455* .547* .076 
S. Invertase - -.170 .323 -.229 .025 
T. amylase - .769** — .068 .686 
S. amylase - -.381 -.389 
R. sugar — -.136 
Trlfollolate 
position 
Table 30. Simple correlation coefficients for variables measured in Temperature Experiment 2 -
Night 2. 
Time T. in­
vertase 
Protein S. in­
vertase 
T. amy­
lase 
S. amy­
lase R. sugar 
Trifoliolate 
position 
Time - .256 -.232 .392* -.315 -.104 -.528** 0 
T. invertase - .133 .686** -.282 -.294 .150 -.169 
Protein - -.599** -.359 -.728** .416* -.462* 
S. invertase - .014 .291 -.233 .206 
T. amylase 
S. amylase 
.881** -.038 
-.267 
.696** 
.746** 
R. sugar - -.155 
Trifoliolate 
position -
Table 31- Means of each variable at each sampling time for each temperature - Temperature 
Experiment 3. 
Means 
Temperature, Sampling 
°C time 
T. amylase Protein S. amylase T. Invertase S. Invertase R. sugar 
1 248.2 24.4 12.6 125.9 5.3 5.8 
2 316.2 31.0 10.6 223.0 7.5 7.1 
1 230.2 21.3 11.8 116.9 5.5 4.5 
2 312.8 25.8 12.4 148.5 5.8 5.4 
1 276.4 23.1 12.1 120.2 5.2 3.9 
2 241.1 25.9 9.4 200.9 7.7 5.3 
1 308.1 20.6 15.2 112.0 5.5 4.0 
2 285.4 25.2 11.9 165.5 6.6 3.9 
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Table 32. Results of the analysis of variance and related statistics 
for the whole plot treatment (temperature) - Temperature 
Experiment 3. 
Variable MS* F lsd(.05) CV 
T. amylase 7,963.6 
13,476.9 
.59*: 
130.6 40.9% 
Protein 73.1 
52.7 
1.38°* 
8.2 29.4% 
S. amylase 22.2 
68.9 
.32*® 
9.3 69.2% 
T. Invertase 
5,998.1 
12,362.2 
.48** 
125.1 73.3% 
S. Invertase 2.4 
14.3 
.16** 
4.2 61.7% 
R. sugar 18.0 
7.5 
2.39** 
3.1 55.1% 
^The temperature mean square Is listed first and the Error A mean 
square is listed second for each variable. 
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Table 33. Results of the analysis of variance and related statistics 
for the subplot treatment (sampling time) and the Interaction 
term - Temperature Experiment 3. 
Variable MS* F l8d(.05) CV 
T. amylase 
1,810.5 
11,276.1 
6,996.2 
.26*» 
1.61°® 
58.1 29.5% 
Protein 
341.8 
9.4 
13.2 2.5 14.7% 
S. amylase 
53.1 
11.5 
18.0 2.9 35.4% 
T. invertase 
69,122.9 
3,361.6 
1,024.3 22.2 21.1% 
S. Invertase 
37.2 
3.9 
1.6 
1;::: 
.9 20.2% 
R. sugar 
11.9 
1.9 
3.1 
3.89°® 
.63°® 
1.2 35.1% 
®The sampling time mean square is listed first, then the interaction 
mean square, and the Error B mean square is listed third for each variable. 
Table 34. Simple correlation coefficients for variables measured in Temperature Experiment 3. 
Temperature Sampling 
time 
T. amy­
lase 
Protein S. amy­
lase 
T. in­
vertase 
S. in­
vertase R. sugar 
Temperature - 0 — .068 -.305* .140 -.174 -.020 -.607** 
Sampling time - .074 .468** -.241 .644** .474** .299* 
T. amylase - .057 .736** -.042 -.082 .193 
Protein - -.573** .576** .037 .431** 
S. amylase - -.402** -.095 -.183 
T. invertase - .826** .604** 
S. invertase M .419** 
R.. sugar 
Table 35. Means of each variable for each treatment and each trlfollolate position - Moisture 
Stress Experiment 1. 
Variable 
Treatment* 
Trlfollolate 
position 
% 
moisture 
T. amy­
lase Protein 
S. amy­
lase 
T. In-
vertase 
S. In-
vertase 
R. sugar 
1 1 74.1 360.0 22.5 16.5 48.8 2.2 15.4 X 
2 72.6 504.2 21.9 24.4 57.8 2.8 10.7 
o 1 63.5 835.4 27.9 31.7 63.3 2.4 35.4 Z 
2 62.4 894.5 26.3 36.1 63.9 2.6 25.4 
^Treatments 1 and 2 were nonstressed and stressed plants, respectively. 
^Trlfollolate positions 1 and 2 were lower and upper, respectively. These designations (1 = 
lower trlfollolate; 2 = upper trlfollolate) will be used throughout the remainder of the Appendix. 
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Table 36. Results of the analysis of variance and related statistics for 
the Whole plot treatments (stressed and nonstressed) - Moisture 
Stress Experiment 1. 
Variable X MS* F lsd(.05) CV 
% moisture 68.2 .087 
.002 
38.2°® 21.4 7.0% 
T. amylase 648.5 1,498,613.3 
93,420.0 
16.0°® 1,373.0 47.1% 
Protein 24.7 192.6 
12.6 
15.2°® 15.9 14.4% 
S. amylase 27.2 1,458.0 
119.4 
12.2°® 49.1 40.2% 
T. invertase 58.5 840.5 
1,559.6 
.53°® 177.4 67.5% 
S. invertase 2.5 .020 
4.351 
.004°® 9.4 82.6% 
R. sugar 21.7 2,429.0 
99.4 
24.4°® 44.8 45.9% 
®The whole plot treatment mean square is listed first and the Error A 
mean square is listed second for each variable. 
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Table 37. Results of the analysis of variance and related statistics 
for the subplot treatment (trlfollolate position) and the 
Interaction term - Moisture Stress Experiment 1. 
Variable X MS* F l8d(.05) CV 
% moisture 68.2 .00137 
.00003 
.00026 
5.18°® 
.11"® 2.5 2.4% 
I. amylase 648.5 82,722.8 
14,492.5 
7,178.0 
11.5°® 
2.0°® 128.9 13.1% 
Protein 24.7 9.6 
2.8 
95.5 
.10°® 
.03°® 14.9 39.6% 
S. amylase 27.2 302.6 
24.8 
94.4 
3.20°® 
.26°® 14.8 35.8% 
T. Invertase 58.5 184.3 
140.3 
379.3 
.48°® 
.37°® 29.6 33.3% 
S. Invertase 2.5 .845 
.320 
3.081 
.27*® 
.10°® 2.7 69.5% 
R. sugar 21.7 433.7 
56.7 
214.5 
2.02°® 
.26°® 22.3 67.4% 
The subplot treatment mean square Is listed first, then the Inter­
action mean square and the Error B mean square Is listed third for each 
variable. 
Table 38. Simple correlation coefficients obtained from Moisture Stress Experiment 1. 
Treat­
ment 
Trifoliolate 
position 
X 
moisture 
T. amy­
lase Protein 
S. amy­
lase 
T. in­
vertase 
S. in­
vertase 
R. sugar 
hh ** _ * . ** ** 
Treatment — 0 -.881 .729 .380 .545 .271 -.024 .623 
Trifoliolate 
position - -.111 .171 -.085 .198 .127 .159 -.263 
Z moisture - -.693** -.427* -.467** -.005 .280 -.593** 
T. amylase - .267 .822** .174 -.082 .445* 
Protein - -.219 .107 -.616** .586** 
S. amylase - .122 .258 .121 
T. invertase - .671** -.015 
S. invertase -.363* 
R. sugar 
Table 39. Means of each variable for each treatment and each trlfollolate position - Moisture 
Stress Experiment 2. 
Variable 
Treat- Trlfollolate ; 
motsLe potential. «rwse v^Mse ="8" 
bars 
1 75.9 - 3.9 816.2 23.0 35.6 234.4 10.2 15.2 
2 75.3 - 4.5 921.8 23.8 39.9 187.2 8.1 10.8 
1 73.5 - 3.9 811.8 22.4 37.5 132.8 6.2 11.6 
2 73.7 - 3.3 1,210.6 25.3 46.8 135.6 5.4 9.7 
1 66.5 -12.0 864.6 32.0 28.2 131.2 4.1 20.2 
2 68.5 - 8.3 1,538.1 33.0 47.3 124.8 3.9 16.3 
^Treatments 1, 2, and 3 are nonstressed, mild stress, and moderate stress, respectively. 
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Table 40. Results of the analysis of variance and related statistics 
for the whole plot treatments (nonstressed, mild, and moder­
ate stress) - Moisture Stress Experiment 2. 
Variable X MS® F lsd(.05) CV 
% moisture 72.2 210.9 
40.9 
5.2** 7.2 8.8% 
Water potential -6.0 159.1 
47.4 
3.4** 7.8 115.0% 
T. amylase 1,027.2 333,634.2 
931,040.9 
.35** 1,093.7 93.9% 
Protein 26.6 315.0 
29.2 
10.8* 6.1 20.3% 
S. amylase 39.2 77.6 
776.6 
.09** 31.6 71.0% 
T. invertase 157.6 25,516.4 
1,898.8 
13.4* 49.4 27.6% 
S. invertase 6.3 82.6 
1.8 
44.7** 1.5 21.4% 
R. sugar 13.9 181.9 
12.1 
15.1* 3.9 24.8% 
*See footnote in Table 36. 
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Table 41. Results of the analysis of variance and related statistics 
for the subplot treatment (trlfollolate position) and the 
interaction term - Moisture Stress Experiment 2. 
Variable X MS® F lsd(.05) CV 
% moisture 72.2 2.6 
5.3 
1.6 
1.0 1.7% 
Water poten­
tial 
-6.0 13.2 
15.2 
5.4 
:::: 1.9 38.8% 
T. amylase 1,027.2 1,387,134.3 
241,957.5 
117,229.8 
279.3 33.3% 
Protein 26.6 22.2 
4.0 
79.1 
::: 7.2 33.4% 
S. amylase 39.2 1,060.0 
168.1 
234.4 
4.5** 
.71** 12.5 39.0% 
T. Invertase 157.6 2,577.2 
2,124.1 
521.0 
4.9** 
4.1** 18.6 14.5% 
S. invertase 6.3 9.4 
2.8 
3.1 
3.0** 
.88** 1.4 27.9% 
R. sugar 13.9 102.7 
5.3 
4.5 
22.9** 
1.2** 1.7 15.1% 
*See footnote in Table 37. 
Table 42. Simple correlation coefficients obtained from the data of Moisture Stress Experiment 2. 
Treat­
ment 
Trlfollolate 
position 
% 
mois­
ture 
Water 
poten­
tial 
T. amy­
lase Protein 
S. amy­
lase 
T. In­
vertase 
S. In­
vertase 
R. sugar 
Treatment - 0 -.771** .539** .273 .528** -.001 -.690** -.794** .514" 
Trlfollolate 
position 
- .063 -.133 .395* .111 .334* -.173 -.192 -.404 
X moisture - -.624** -.496** -.525** -.255 .398* .599** -.725** 
Water poten­
tial - .378* +.525** .096 -.140 -.359** .627** 
T. amylase - .430** .817** -.001 —.206 .172 
Protein - -.134 -.124 -.585** .415* 
S. amylase - .075 .147 -.041 
T. Invertase - .851** .062 
S. Invertase -.182 
R. sugar 
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Table 43. Results of the analysis of variance and related statistics for 
the whole plot treatments (genotypes) - Intemode Elongation 
Experiment 5. 
Variable MS* F l8d(.05) cv 
Total number of 1.54 25.2** .24 3.9% 
nodes/plant .06 
Plant height 112.13 37.1 1.69 10.3% 
3.02 
Average intemode 1.45 33.3** 
o
 
C
M
 
8.0% 
length .04 
^The genotype mean square is listed first and the Error A mean square 
is listed second for each variable. 
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Table 44. Résulta of the analysis of variance and related statistics for 
the subplot treatment (date) and the interaction term -
Internode Elongation Experiment 5. 
Variable MS® F l8d(.05) CV 
Total number of 
nodes/plant 
255.46 
.11 
.04 
6329.2** 
2.8 
.09 3.2% 
Plant height 2388.29 
15.24 
2.41 
989.6** 
6.3 
.73 9.2% 
Average internode 
length 
1.12 
.19 
.04 .09 8.1% 
^The date mean square is listed first, then the interaction mean 
square, and the Error B mean square is listed third for each variable. 
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Table 45. Results of the analysis of variance and related statistics for 
the whole plot treatments (genotypes) - Internode Elongation 
Experiment 5. 
Variable MS* F lsd(.05) CV 
T. amylase 109,920.93 
22,693.06 
4.84** 127.54 52.6% 
Protein 26.56 
13.25 
2.00** 3.08 21.2% 
S. amylase 278.44 
78.77 
3.50** 7.51 51.9% 
T. Invertase 555.99 
378.40 
1.46** 16.46 37.9% 
S. Invertase 1.46 
1.47 
.98*® 1.03 39.3% 
R. sugar 9.81 
5.70 
1.72** 2.02 28.3% 
*See footnote In Table 43. 
'» : 
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Table 46. Results of the analysis of variance and related statistics for 
the subplot treatment (trifoliolate position) and the inter­
action term - Intemode Elongation Bcperlment 5. 
Variable MS* F l8d(.05) CV 
T. amylase 152,100.00 
7,527.14 
7,613.24 
30.01 30.5% 
Protein 13.87 2.08?* 
16.86 2.46 .88 15.0% 
6.65 
S. amylase 255.20 
45.53 
36.39 
::s:- 2.08 35.3% 
T. invertase 238.96 1:S= 
231.57 4.60 26.1% 
179.03 
S. invertase 2.80 i:S= 
1.78 .37 34.9% 
1.16 
R. sugar 97.35 
2.83 
2.06 
tg: 
.49 17.0% 
^The trifoliolate position mean square is listed first, then the 
interaction term, and the Error B mean square is listed third for each 
variable. 
Table 47. Simple correlation coefficients obtained from Intemode 
Elongation Experiment 5. 
Genotype TNN* NPLB TNF HTCNTA 
Genotype - -.387** -.323** -.760** -.751** 
TNN - .490** .242** .413** 
NPLB — .233** .467** 
TNF _ .694** 
HTCNTA 
T. amylase 
Protein 
S. amylase 
T. Invertase 
S. invertase 
R. sugar 
- total number of nodes/plant; NPLB " number of primary lateral 
branches/plant; TNF - total number of flowers/plant; HTCNTA - plant height 
from the cotyledonary node to the apex. 
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T. aaylase Protein S. amylase T. Invertase S. Invertase R. sugar 
-.066 .012 —.048 -.123 .120 -.176 
1 o
 
VO
 
w
 
-.238** .001 -.257** -.114 -.093 
-.062 -.042 -.104 -.140 -.170* .062 
.185* .146 .089 -.126 -.195* .199* 
.320** .085 .253** -.052 -.117 .236** 
-
.168* .904** .173* .064 .495** 
-
-.223** .184* -.402** .303** 
.115 .240** 
.809** 
.325** 
.188* 
-.001 
